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PREFACE 
TO THE FIRST EDIT _ 
aera 
THE assured Dosition that Chemistry now holds in English 
education is s own by its inclusion as a compulsory or at least | 
an optional su pje ct in almost all examinations preliminary t 
4 entrance on the lez red professions, and by the fact fa ais 
- of the best scHbol 5 now possess well-equipped laboratories vie 


give regular instruction in the elements of both Theoretical and 
Practical Chemistry. 

In directing the attention of our nation to the study of 
Chemistry as a means of scientific education, Sir Henry Roscoe 
has led the ay. His text-books have given to generations of 
students th ei! ; rodiction to a knowledge of the science. His 
Primer of C 1emistry and List of Experiments prepared for the 
Science and Art Department contain the subject-matter which 
every schoolboy has till recent times been expected to know, 
every examiner has asked for, and few text-books have dared to 

>» disregard. The output of admirable text-books on these lines 
has during recent years been so abundant, that the issue of 

—«aother would be unjustifiable, if it differed from them merely 

in detail and in unimportant features. 

But while the knowledge of the actual facts of Chemistry 1s 


wo&h much, there has been a growing feeling that the methods 
of gaining knowledge are often of more educational value than 
the knowledge itself, and that a lad who starts life with his mind 
merely hae gpa facts is not so well equipped as one who has 
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also learnt how to learn, not from” books alone, but by direct 
contact with:realities. In a school curriculum Science is chiefly 
valuable as a means-of:culture, and because there are faculties 
of the human intellect, namely, correct observation, sound rea- 
soning from’ observation and experiment, and imagination in 
seeing into the invisible causes of visible phenomena, which can 
alone find their development in a carefully considered course in 
Physical Science. We are, therefore, even more anxious to 
insist on the methods by which knowledge has been obtained 
than on the actual facts of Chemistry. Sound methods of ob- 
servation, moreover, remain valid, and may continually enlarge 
and correct our ideas in studying the further development of 
the science. At the same time the student must be sure of his 
facts before he begins to theorise. “Why is it,” Charles II. 
is reported to have asked, “that when you put a dead fish 
into a bowl full of water it runs over, but if the fish is alive it 
does not run over ?” 

Some time ago Professor H. E. Armstrong, a leader in the 
movement which has sought to place the teaching of Chemistry 
upon what is regarded by many as a more rational basis, 
appended a detailed scheme for a school course on Chemistry 
to the Report upon Methods of Teaching Chemistry, which 
was presented to the British Association at Newcastle. 

Very recently, the Incorporated Association of Headmasters 
has issued a syllabus of a course of instruction in Elementary 
Science, including Physics and Chemistry, drawn up by a Com- 
mittee on Science Teaching, of which Mr. C. M. Stuart, of 
Catford, was chairman, and Professor Armstrong a prominent 
member. To quote from this syllabus, “ This course is intended 
for all boys and girls commencing the study of Science. It r€¢ 


presents in the opinion of the Committee a suitable cO=tpmence=—= 


ment for those who continue the subject, and indicates the 
manner in which it may be made of true educational value to 
those who do not pursue it further. . . . While the main object 
of the course should be to train students to solve simple 


1 See Report of the British Association, 1889. A subsequent paper elaborating 
vertain features in this scheme may be found in Wature, vol, slit 593: 


= 


326K 


PREFACE TO THE FIRST EDITION a 


mS St oe —— 2 si 4 


problems by experiment—to work accurately, and with a clearly 
defined purpose, and to reason from observation—the instruc- 
tion given should eventually lead them to comprehend the 
nature of air, water, ‘fire, earth and food.” 

This syllabus of the Association of Headmasters reached us 
after we had nearly completed our work on the present book, 
and it was a matter of satisfaction to us to find that almost the 
whole of the syllabus and the detailed experiments for the 
course on Elementary Chemistry were dealt with in our 
manuscript. 

While the aim of the course described in the present book, 
and the object of the courses referred to above have alike been 
the cultivation of a spirit of inquiry and the prosecution of 
Science as among the best means of culture, there is, neverthe- 
less, one difference between the lines on which they have been 
worked out. 

The principle which has been our general guide in the selec- 
tion and treatment of subject-matter may be expressed in words 
used in another connection by Professor H. A. Miers, in a 
recent inaugural lecture' at Oxford, in which he applied the 
saying of the Darwinists that the development of the individual 
is an epitome of the evolution of the race. 

“The order,” he said, “in which a subject can best be un- 
folded before a student’s mind is very satisfactorily marked out 
by the historical development of the subject : a profitable course 
of teaching is suggested by the history of a science, and /hé 
order in which problems have presented themselves to SUCCESSIVE 
generations ts the order in which they may be most naturally 
presented to the individual.” This is, we believe, particularly 
applicable to the study of Chemistry on the part of beginners. : 
~~fet the sare time the progress of Science has often of course 
been like a paper-chase with many false scents, and it is not 
necessary for the logical application of the above principle to 
follv all these blind alleys. 

A glance at the Table of Contents will indicate the course 
which we have been led to adopt in our attempt to work out an 


’ 1 Nature, vol. liv. p. 208 
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Introduction to the Study of Chemistry. We have referred at 
the outset to Alchemy and to some of the errors which were — 
current till the seventeenth century, showing the readiness with 
which errors arose unless checked by well-devised experiment 
and careful measurement. In this way the student is led to see 
the necessity of practical work and of exact measurement al a 
very early stage. Measurements are then made of length, of 
mass, of the volume of liquids, of temperature, of density, of | 
the pressure of the air, and of heat. 

Then follows the practice of important chemical operations, 
such as solution, filtration, evaporation, and crystallisation, and 
the student’s powers of observation and description are exercised 
by the examination of certain important raw materials, found 
native in the crust of the earth. He next learns how to prepare 
the most important acids and alkalies from his raw materials, 
after the manner of Geber, Glauber and other alchemists. 

Having thus acquired in some measure quickness of eye in 
observation, accuracy of expression in description, delicacy of 
hand in manipulation, and a passing acquaintance with the 
apparatus and chemicals in the laboratory, the student is ready 
to set to work upon a series of researches upon the Action of 
Acids on Chalk, Fire and Air, the Rusting of Iron, the Discovery 
of Oxygen, the Action of Acids on Metals, the Composition of 
Water, and other subjects, in which he is led to work so far as 
may be along the lines which were successfully pursued by 
Black, by the Oxford chemists of the seventeenth century, by 
Priestley, Scheele, Lavoisier, Cavendish and by other famous 
investigators. Many of the experiments introduced have been 
suggested by their researches, and frequent quotations of interest 
have been made from their accounts of their own experimentS¢ 

The student will thus become acquainted with sev@ral Gas 
and is therefore ready to investigate some of their principal 
properties. Researches follow which have a direct bearing on 
the law of Definite Proportions ; for example, a complete 
research is made upon Chalk, following the lines of Black’s 
classical investigation, and another upon the quantitative 


composition of Water. * * * «* * ol 
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A chapter on the Law of Definite SRS: closes the 


~ book. 


We hold then that not only the order, but also the method, by 
which Chemistry can best be unfolded before a student’s mind 
is suggested by its historical development. It is a necessary 
corollary that Chemistry cannot be learnt in the lecture-room 
alone, and that the experiments should be for the most part 
quantitative in character. Qualitative analysis has hitherto been 
largely used as the practical exercise in the science. It has 
some merits. We think, however, that practical chemistry should 
not consist, to such an extent as is usually the case, of ‘‘ qualita- 
tive analysis,” and that the right place for such a course is after 
and not before a simple quantitative course. While practical 
work should be introduced at a very early stage,.the lecture- 
room has of course a necessary place, and the student should 
not start an experiment until he thoroughly understands what 
the object of the experiment is, what he means to do, and how 
he means to do it. 

There are somewhat rigid limitations of time and circumstance 
which must be considered in selecting experiments suitable for 
a school laboratory. The experiments must not require more 
than two pairs of hands; the manipulation must not be so 
difficult that accurate results cannot be obtained ; the apparatus 
must be cheap enough to allow of all the boys doing the same 
experiment at once, and the whole experiment must not take 
more than I or 14 hours, including the time required for putting 
the apparatus away. These conditions exclude many important 
experiments ; for instance, the determination of the composition © 
of water by passing hydrogen over copper oxide may be done by 
the teacher as a lecture-table experiment, but it must generally 


-Le omittetl by individual members of the class. Weighings 


should generally be conducted to the nearest centigram, be- 
cause a boy’s errors of manipulation are apt to exceed 1 centi- 
graf, and therefore milligram weighings will only give a 
fictitious accuracy and waste time. One per cent. accuracy is 
the standard that may bé aimed at. We have dwelt at some 
length upon ees which are necessary to exactness in the 
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results of experiments. It is a great advantage to have several 
boys working at the same time at an experiment, for example, 
on the weight of a litre of air or on the percentage of water in 
a crystal; results should afterwards be compared and discussed. 
A great deal of time is saved by letting boys work in pairs, 
moreover, a spirit of co-operation is cultivated, and they learn 
at least as much as in doing the experiment alone, perhaps more, 
because they teach one another. * = * * 
We would add that experience shows that a student’s mathe- 
matics should be ready before he touches the apparatus of the 
laboratory. And this applies not only here. If any would-be 
chemists have not yet mastered the elements of arithmetic, 
decimals, the unitary method, percentages and proportional 
parts, we recommend them to close this book and go back to 
their ciphering. There can be no sound knowledge of Physics 
or of Chemistry without mathematical backbone. There is 
nothing more distracting to teacher and to student than to find 
that laboratory results cannot be worked out for want of adequate 
mathematical knowledge. 

It may perhaps be objected that we have abandoned the 
principle we laid down as our guide in relegating Black’s research 
on Chalk to so late a position. Our reply is that the aforesaid 
principle while invaluable as a general guide, must be applied 
with discrimination, and other considerations must not be lost 
sight of. For instance, it is desirable that a study of “ every- 
day ” phenomena of great interest, such as Fire and Air, should 
precede what is after all of a more special character. Moreover, 
the research on Chalk is the most complete in itself of any 
entered upon, and one which makes too great a demand upon 
the powers of hand and of mind to be introduced in its trug 
chronological place 1mmediately.after the discovery of Fixed Ait 

The value of this book would be little in practice, whatever 
its general merit, if it came straight from the writing-desk, and 
had not been employed in actual class work. Not only Have 
many of the chapters. been worked through by elementary 
students in the laboratories of the Owens College, but we have 
been most fortunate in securing the co-operation of Hugh 
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Richardson, M.A., Science Master of Sedbergh School, sd of 
S. H. Davies, M.Sc. Head of the Chemical Department of the 
Battersea Polytatiaic, London. Using typed copies of our 
MSS., they have taught through almost the whole in their classes. 
We have amended our text wherever their trial of it showed 
alteration to be required, and we are convinced that the prac- 
ticability and success of our scheme in actual class work has 
thus been secured and verified. Mr. Richardson also made at 
our request the first draft of the chapters on the Properties of 
Gases, and he has from the first helped us with his experience 
in the teaching of Science in schools. 

We gladly thank also Mr. S. M. Walford, of the Hyde and 
Oldham Technical Schools ; Mr. Foster, of the Nelson Technical 
School, and Mr. S. E. Brown, of the Friends’ School,-Ackworth, 
for testing some chapters in their own classes. 

Our colleagues, Mr. G. J. Fowler, Dr. A. Harden, and Dr. 
W. A. Bone, have also given us kind assistance in certain details, 
while Mr. P. J. Hartog has helped us with criticism upon our 
chapter on the Law of Definite Proportions." 

While we have spared no trouble in a task which has been no 
light one, we cannot hope that we have avoided all error either 
in judgment or in points of detail, and suggestions and correc- 
tions offered by fellow teachers will be freely welcomed. 

We may add that it is our desire to include in any subsequent 
edition chapters, which are already in hand, on the Discovery 
of the Metals and on Fuels and Food-Stuffs. 
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PREFACE 
TO THE SECOND EDITION 


WE have been encouraged by the sympathetic reception 
which has been accorded to the first edition of our little book 
to submit it to a thorough revision. 

The marked trend of elementary science teaching during 
recent years along the lines which we in common with many 
others have been advocating and practising is seen for instance 
in the present syllabus of Elementary Experimental Science of 
the Association of Headmasters, and in those of the Oxford and 
Cambridge Local Examinations, the Joint Scholarship Board, 
and the Scholarship Examinations of the London County 
Council. 

These all show an increasing recognition of the vital necessity 
of keeping alive in both boys and girls that power of “ making 
knowledye”! through their own experiences which, though 
possessed by every young child, is so commonly stifled and lost 
as years advance. To form a habit of inquiry, and to 
train the intelligence, and not the accumulation of facts, is 
now generally admitted to be the first aim of an elementary 
course fa science. It is desired, in a word, ¢o teach boys and 
girls to think for themselves and to learn from their own 
observations. 

It has sometimes been alleged as an objection to the method 
which our book illustrates, that sooner or later some fact 
1 Professor J. G. Macgregor, Nature, September, 1899. 
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must be assumed which a boy has not yet fale That is no 


doubt the case, but his position is also that of the original 


investigator of to-day. John Dalton refused to accept the 


results obtained by others, and to his loss. The scientific 
method does not forbid such aid. Still, in an introductory 
course it is desirable that not many facts should be borrowed in 
the few typical researches pursued, in order that a very habit 
of research may be formed; afterwards the student may 
safely bring facts established by others to bear- upon his own 
inquiries. Nor should it be forgotten that the scientific method 
includes deductive methods as well as inductive. Theories and 
working hypotheses inspire research, and without ideas progress 
stops. It is for lack of them that so few boys make any 
profitable use of a laboratory if left alone without the help of 
books or teachers. We have endeavoured to illustrate the 
importance of ideas by the use we have made, for instance, of 
Lavoisier’s Theory of Combustion, when investigating the 
burning of Carbon and the explosion of Inflammable Air and 
Oxygen. 

In this connection it may be added that the comparison of 
results and the discussion of them by the teacher is of the utmost 
importance. Instead of each boy repeating an experiment many 
times as the original investigator may do, he should be led to 
compare his own result with those obtained by his comrades, 
and to calculate the mean result. The comparison of results 
keeps alive a spirit of rivalry and a keen interest, and the mean 
result of quantitative -_ is usually surprisingly accurate, 
for example, the percentage of oxygen in the air or of carbonic 
acid in chalk can be determined with an error of less than one 
per cent. by means.of the simplest apparatus. 

There have been ominous warnings from Prof. G.@. Darwin s 
and from Prof. Karl Pearson ? against the growing luxury of our 
laboratories and the costliness of apparatus; and this not 
because money is grudged for the cause of scientific educ&tion, 


1 Preface to his book on The Tides. 
2 Lecture on Science and National Life 
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but because these material things cloud our eyes from seeing 
the really essential thing, the encouragement of the spirit of 
research. To this end we are content to work in rooms with aS 
simple fittings, and we have tried to avoid specialised apparatus, 
and to use combinations of rubber stoppers and flasks and tubes. 
This simplicity of apparatus results in great economy of expendi- 
ture and allows of a sufficient supply of balances and other 
essential instruments of general research. Moreover, as Prof. 
Ostwald has very recently pointed out, the simplest apparatus 
possible should be used that the attention may be fixed on the 
chief features of an experiment. 
In this Second Edition the book is now divided into two 
volumes. The original volume covered two years’ full work, 
and there is a distinct disadvantage in leaving a book long un- 
finished in a boy’s hands. He begins to think he is stale of it. 
A new book is always a stimulus. 
At the beginning of Volume I there are several chapters on 
Physical Measurement. Formal instruction, in our opinion, in 
the use of the rule, the balance and the burette is essential to 
progress. In some schools several hours are devoted to Science 
every week, anda more complete course in Physics than that we 
have introduced can be pursued. But in many schools other 
subjects will continue to make such demands upon the curricu- 
lum that the course of Physics, which should precede any study 
of chemistry, must not be too detailed. It is quite possible, of 
course, to spend a couple of terms or more upon measurements 
of the densities of all manner of materials, but the teacher will 
do well to recall the warning of . J. J. Thomson, lest in 
teaching his boys to measure every physical quantity, he should 
deprive them of all wish to measure any of them. Grammar is : 
not literature, nor is science measurement, though skill in the 
use of instruments of precision is essential. In collecting these 
sical chapters we have put together so much as seems to us 
nectssary for progress in the chemical laboratory, but we rely 
on individual teachers to use them with discretion, selecting or 
‘postponing according to the circumstances of the class and the 
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school, and it must always be kept in mind that a boy, whilst 
learning to use his tools, will need to be inspired with a desire 
to employ them. 

Volume II is purely chemical in character, and is intended to 
lead the schoolboy of 15 or 16 years of age along the paths of 
inquiry, which engaged the attention of the great chemists of 
the eighteenth century. 

These two volumes contain the bulk of what was in our first 
edition. To this we have added some new chapters. The 
growing disposition to use Graphic Methods of representation 
and calculation, justify us in devoting a whole chapter to this 
subject, to which before we only referred incidentally. Many 
exercises are added to show the use of squared paper both for 
the records of results and as a means of arriving at new or 
unsuspected facts and relations. A new chapter on the Dis- 
covery of the Common Metals introduces simple blow-pipe work, 
minute smelting operations, which will give training in clean and 
neat manipulations and valuable practice in the examination of 
unfamiliar minerals. In another chapter on Fuels and Food 
Stuffs an examination of a variety of organic substances leads 
to a recognition of the fundamental importance of Carbon. 
Our treatment is in keeping with the educational maxim of 
taking familiar objects as texts, proceeding from the known to the 
unknown, and following the lines of the historical development 
of knowledge. 

Three somewhat difficult chapters,! which are of less general 
interest, have been omitted, and are held over for a Third 
Volume, which we have in preparation. In our opinion they 
will find their proper setting in a Third Year’s Course in which 
the Atomic Theory may arise for discussion. 

The increasing number of Public Examination papers which 
recognise a change in the methods of teaching, and their great 
value both to boys and masters in directing attention to 
problems of interest, and in stimulating the very neceary 

1 Dalton’s Law of Mixed Gases, The Combining Properties of Acids and 
Alkalies, and The Equivalent Weights of the Metals. 
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work of revision, have encouraged us to add, at the end of 
Volume II, some papers which have been set by Public Bodies. 
We think also that they are important as evidences of the grow- 
ing harmony of view between teachers and examiners. Some 
private examination papers which have been set in schools 
using our book have been appended to Volume I. 

It has been the fashion lately with some to decry any use of 
text-books. It is very noteworthy that young boys (et. 12) 
learn very little from a chapter in a text-book, even after a 
lesson on the same subject, while it is equally remarkable 
how an older class (zt. 16) may realise, with fidelity of detail, 
experiments they have never seen, and make rapid progress 
with comparatively little help from a master. These two 
volumes are not intended to take the place of a teacher or of 
a boy’s own note-book. The impressions which a boy’s mind 
receives as he works in the laboratory must be expressed then 
and there in his own note-book, without the use of a text- 
book as a crib. But when a lengthy inquiry has been com- 
pleted and he comes to write up his laboratory notes, some help 
and some additional information will often be needed, and then 
it is a part of a wise education to encourage the use of a text- 
book. We know that many teachers have found our book more 
useful to themselves than to their classes ; an able boy can 
perhaps do without a text-book entirely, but his duller com- 
rade often needs a helping hand in the revision of his work. 
It need scarcely be pointed out that there are experiments 
for which detailed and frequent instructions are necessary, and 
in such cases the necessary information may be obtained by a 
bey directly from a text-book, and its use will remove a burden 
from the teacher. And further, it is a great convenience to 
laave mathematical examples in type. A few of them should be 
worked, in class, and afterwards be set for revision without help. 
But enough of detail ; every teacher must work in his own way 
to do his best work. 

fn conclusion, we have much pleasure in stating that Mr. 
Hugh Richardson, of the Friends’ School, York, made for us 

VOL. I b 
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the first draft of the chapter on Graphic Representation, and we 
have throughout had the assistance of his experience. We 
gladly also thank Mr. S. H. Davies, late Head of the Chemical 
Department of the Battersea Polytechnic, for notes which we 
used in writing the new chapters on the Discovery of the Metals 


and on Fuels and Food Stuffs. 
W. H. P. 


B. is 
August, 1901. 
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THE BIRTH OF CHEMISTRY 


The Earliest Book on Chemistry.—Chemistry is one of 
the most modern of sciences, and one which has been placed 
upon a sure foundation only in the course of the last century. 
‘Yet the actual beginning and the dawning knowledge of 
Chemistry can be traced back to Egypt many centuries ago. 
__ The oldest chemical record ! of which we have any knowledge 
is a papyrus found at Thebes in the wrappings of the embalmed 
_ body of a goldsmith, who had lived about the time of the second 
or third century after Christ. From this note-book of the gold- 
smith, which is now in the library of the University of Leyden, 
ve find that he was acquainted not only with gold and silver, 
_ but also with copper, lead, tin, zinc, and arsenic. Recipes are 
_ given for preparing imitation gold and silver, and for increasing 
_ the weight of gold and silver by the addition of inferior metals 
such as lead without altering the apparent character of the 
former. 

_ he notes of this fraudulent workman, which have been 
"preserved, in perfect condition in an Egyptian mummy, and 
ve escaped the accidents of fifteen hundred years, show that 
that time the knowledge of the metals possessed by some 
the Egyptians was very considerable. Not only could the 
or counterfeit true gold or silver, the “noble” metals as 
y were called, by mixing inferior or “base” metals, but 
. 1 Sep Berthelot, Les Origines de PAlchimie. 
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tests are given by which the imitation could be detected and 
distinguished from the pure and genuine metal. 

For instance, it is stated that gold should keep its colour when 
melted. If it becomes whitish it contains silver, if it blackens 
jt contains lead, and if it becomes rough or hard when cold it 
contains copper or tin. So also silver should remain white and 
shining when fused. If it is blackened it must be falsified with 
lead, and if it is rendered hard and yellow, copper is present. 

Alchemy : The Transmutation of Metals.—The imita- 
tion of the noble metals by the process of mixing the base 
metals in various proportions, as the writer of the papyrus 
described in the fourth century, was accepted in the next cen- 
tury as an actual change or ¢vansmutation of the base metals 
into the noble metals. Extraordinary as it may seem to us, for 
more than a thousand years such transmutation was believed in 
not only by the ignorant and unlearned but even by philosophers. 

Indeed, it seems probable that the very word Chemistry is de- 
rived from the Greek Chemeza or xnpueia, transmutation, since the 
transmutation of the metals was the chief object of the Egyptians. 

About the year 640 the Arabians overran Egypt, and becom- 
ing acquainted there with Chemistry, they prefixed to the word 
for it the Arabic Article a/, so that with them the science was 
spoken of as A/chemy. The Arabians spread through Northern 
Africa into Spain, and founded many Universities to which 
students flocked from all parts of Europe. 

From the Egyptians the Arabian Alchemists had acquired 
the firm belief in the possibility of the change of one kind of 
material into another, and of the transmutation of the base into 
the noble metals. Their most earnest endeavours were given 
to the search for the przlosophers stone, a substance of such 
extraordinary virtue that according to Roger Bacon one part of 
it was believed to have the power to convert 1,000,000 parts of 
base metal into pure gold. The possibility of the existéhce 
of such a substance was accepted by the most learned; for 
instance, Van Helmont, a distinguished chemist, a physician 
and an honest man, recorded how in 1615 he obtained one 
quarter of a grain of the philosopher’s stone and converted eight 
ounces of mercury into gold. Helvetius, again, was an oppo- 
nent of the Alchemists until 1666, when he managed to obtain 
a little piece of the philosopher’s stone, withewhich he said he 
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converted lead into a yellow metal, afterwards tested by the 
Master of the Mint, and pronounced to be gold. 

In some cases we can trace the fraudulent means by which 
the apparent transmutation was effected: A certain Duke of 
Waurtemburg kept an Alchemist in his service, and following his 
directions, the Duke was accustomed to place the necessary 
ingredients in a crucible, and then, all having left the room, the 
door was locked, and the next morning, behold, pure gold was 
found in the crucible. -It is recorded, however, that the gold 
was obtained, not by the miraculous agency of any philosopher’s 
stone, but by the hand of the Alchemist’s son, who had been 
concealed in a cupboard within the laboratory. « 

Remarkable as the belief in the transmutation of the metals 
appears to us, many facts and experiments may be mentioned 
which at first sight seem to confirm such a belief. The following 
experiments will illustrate this point :— 

Expt. 1. To obtain Lead from Galena.—-Galena is a 


metallic-looking mineral. Grind a small portion to a fine 

powder in a mortar. Make a small cavity in a lump of char- 

coal, and place in it a little of the powder (as much as a sinall 

shot). Turn a Bunsen flame so as to form a small luminous 

flame. Place th® nozzle of the mouth-blowpipe just Mier the 
2 
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flame, and force a gentle current of air into it. Direct the tip 
of the flame upon the galena on the charcoal. Heat till white 
fumes are evolved, and a bright mirror-like surface of molten 
metal appears, which will perhaps gather into a bead. Allow it 
to solidify, and then transfer the bead to a mottar and crush it. 
It is flattened out into a little plate of metal. It is soft, marks 
paper, and has all the characteristics of lead. , 

The production of lead from galena was familiar to the 
Alchemists. Moreover, since by suitable treatment they found 
how to extract a small amount of silver from a large amount of 
lead, they supposed that an actual change of galena into lead 
_and then of lead into silver was effected. It does not seem ever 
to have occurred to the Alchemists that the galena at the 
outset perhaps contained lead and silver. Their error, for it is 
now known to be such, might have been avoided if they had 
paid any attention to the weights of the substances employed 
and obtained in their experiments. 

Expt. 2. To convert Zinc apparently into Copper. 
—Pour some solution of blue vitriol (copper sulphate) into a test- 
tube till it is one-third full. Cut some strips of zinc narrow 
enough to enter the tube, drop in one strip, and notice the 
change of appearance. Boil, and observe that the zine dis- 
appears, while a red and black deposit of copper is formed, as 
though the zinc had been transmuted into copper. Pour the 
solution into another test-tube, add another strip of zinc, and 
see whether any more copper is deposited on boiling. 

Expr. 3. To convert Copper apparently into 
Silver.—Clean a strip of copper thoroughly by means of sand- 
paper. Place it for a moment in a solution of sulphate of 
mercury.!. On removing the copper and rubbing it with a 
flannel, it acquires a bright white silvery surface, as though the 
copper had been transmuted into silver. Heat the strip in a 
flame, and the bright silvery appearance is destroyed. The 
copper therefore has not at any rate been entirely chamged into 
another metal, although, at first sight, such would appear to 
have been the case, 

These experiments show that first impressions and ideas &s to 
phenomena may be very far from the truth, and should in every 


1 Nitrate of mercury may be used in place of the sulphate, though the result is 
not quite so good, bd 
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case be severely tested and supported by further experiment 
before they are finally accepted. 

Conclusions must be tested by Experiment and by 
Measurement. —Another illustration of the way in which ideas 
may change is found in the opinions which have been held as to 
whether dead matter of itself can ever become alive. 

The Roman poet Vergil! records the notion as being widely 
prevalent in Egypt, Persia, and the East, that bees could be 
generated from the putrid carcases of oxen. He specially 
recommends a two-year-old bullock for the purpose, and pre- 
scribes the mode of killing it by suffocation and beating, then 
the pounding and mashing of it, hide and all, and laying it on 
thyme and cassia in a small shady chamber, with access of air 
at fit intervals, and so forth. Vergil does not tell us that he had > 
seen it done, nor does he hint that the occasional selection by a 
swarm of bees of the hollow of a beast’s skeleton as a convenient 
home may have originated the idea on which he enlarges with 
so much minuteness. 

Our forefathers certainly believed that dead matter could 
beget life, and would have instanced vinegar, which breeds 
vinegar-eels. Yet this great question of spontaneous generation 
has since been answered by experiments, which show that all 
life is derived from pre-existing life—“ omne vivum e vivo.” 

The laborious and life-long studies of the Alchemists did 
much to increase the knowledge of chemical operations, of 
minerals and metals, and of chemical agents, but the true 
method of scientific investigation was not theirs. They were 
too ready to be satisfied with a shallow explanation of what 
they saw. They were not accustomed to weigh the materials 
with which they began an experiment, nor to determine the 
weight of anything left at the end. In fact, measurement was 


a neglected by them. The result was that they were led to 


conclusions which were to a large extent erroneous. Nature 
does nd reveal her secrets to the careless, nor to impatient 
inquirers. And until the chemist made the balance his constant 
seryant, and was willing to test all his conclusions by rigorous 
experiment, there was and could be no sure foundation for the 
theories and laws which he endeavoured to construct. 


1 Vergil, Georgics /V., 281-314. 


CHAPTER Il 


THE METRIC SYSTEM. THE MEASUREMENT OF LENGTH 
AND OF AREA 


Standards of Measurement.—lIt has already been in- 
sisted upon that measurement is the first and most . important 
step in the progress of any science, and it will be observed that 
in the statement of any measurement there is the mention firstly 
of a number, and secondly of a thing of the same kind as the 
quantity to be measured, which is referred to as a standard 
or wzzt. For instance, if it is desired to state the sun’s distance 
from the earth, the distance of the moon from the earth may 
be selected as a standard or unit, and it may be stated that the 
sun’s distance is 400 moon’s distances. Similarly, the moon’s 
distance may be stated in terms of the earth’s radius, as about 
60 earth’s radii. 

But whilst such statements convey definite meanings to the 
mind, since in either case the magnitude of the unit chosen is 
comparable with the quantity to be measured, yet it would be 
very inconvenient in scientific work to state quantities in terms 
of standards not universally recognised, for it would be ex- 
tremely troublesome to compare the statement of one man with 
that of another if they employed different standards. *It is on 
this account that a statement of quantities in yards, gallons, or 
pounds is almost meaningless to a Frenchman or German., On 
the other hand, the “ Metric System ” of measurement, to which 
reference is made below, is understood by scientific men of all 

nationalities, and indeed it is almost Sc employed in 


scientific investigations. 
‘ 
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There is another objection to the English system for purposes 
of measurement in the fact that there is no simple relation 
between the different standards of length, volume, and weight. 
There is consequently much trouble in making calculations with 
quantities expressed by means of them. The Metric System, on 
the other hand, is a dec/mal system, and the different standards 
are related in a simple way to one another. 

We shall now refer to the standards of Length, Area, Volume, 
and Weight in the Metric System, which are used in chemical 
investigations, and explain the nomenclature used in connection 
with this system. 


1. STANDARD OF LENGTH.—The Metre’? is the 
length at o° C. of a certain bar of platinum kept in Paris. 

In 1790, immediately after the French Revolution, a com- 
mission of savanvts nominated 
by the French Academy was Pole 
appointed to prepare a new ; 
system of units. This com- 
mission decided in favour of a 
decimal system, with the unit 
of length, from which all other 
units should be derived, itself 
connected with the size of the 
earth. This happy idea put the 
unit beyond reach of change 
from temperature or from other 


- 
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causes. 
The commission added to 
itself Lavoisier and other emi- Fic. 2. 


nent men, and had a meridian 

are from Dunkirk to Barcelona carefully measured, as a basis 
fog calculating the size of the earth. The metre was intended 
to be as of the meridian quadrant of the earth’s cir- 

10,000,000 

cumference drawn through Paris (Fig. 2). This would make 
the <ircumference of the earth 40,000,000 metres. A Platinum 
bar of the required size was constructed, Since then a small 
error has been found in the calculations, so that this platinum 
metre is not exactly what it was intended to be. But this 


° 1 Greek, metron, a measure, 


ax 


8 INTRODUCTION TO STUDY OF CHEMISTRY cuap. 


metre bar is still taken as the ultimate standard of appeal, and 
careful copies have been made and distributed among the 
European nations. 

Examine a Metre Rule. Notice firstly that there are a 
great number of short lines upon it. Moreover, groups 
of these are marked off by longer lines, which are num- 
bered, and there are seen to be Io divisions in each 
group. There are 100 of these groups, and therefore 
there are 1000 of the smallest divisions in the whole 
metre. ° 

The width of one of the smallest divisions is called 
1 millimetre (Latin, mzZ/e, a thousand). 

The width of a group of 10 millimetres is contained 
Ioo times in the metre ; hence this length is called 1 
centimetre (cen/um, a hundred). 

The width of ten centimetres is contained 10 times 
in the metre; hence this length is named 1 deci- 
metre (decem, ten). Fig. 3 represents 1 decimetre ; 
the long lines mark off centimetres, and the smallest 
divisions mark off millimetres. 

Other names with Greek prefixes are given to 
lengths 10, 100, and 1000 times the metre. The 
most important of these is 1 kilometre, which equals 
1000 metres. 
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To BE LEARNT BY HEART 


I millimetre equals ; 9649 of a metre ; it is denoted bymm. 


I centimetre ” Too ” ” ” ” cm. 
I decimetre 5 Feo w a s i dm. 
I metre 9 m m. 
: Idekametre ,, 10 metres 4 " Dm. 
PRectometre ,, 106 ,, - » Hen. 
1 kilometre » 1060. » - ite Km. 


The student should try to remember roughly these 
metric measures by reference to real objects of known 
size. Thus :— 


Fic. 3. 


Kilometre equals distance covered by 10 minutes’ quick walking. 
Hectometre ,, ve ” length of football ground, 
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- Dekametre equals distance covered by half length of cricket pitch 
_ Metre pA a e width of door. 

_ Decimetre _—,, . - width of hand, 
_Centimetre ,, x be width of finger-nail or 
7 dice. 

-Millimetre-_,, . - nib of J pen, or thickness 

; of sixpence. 


THE MEASUREMENT OF LENGTH 


_ Obtain a small box-wood rule! marked with a centimetre 
_ scale along one edge, and an inch scale divided into tenths 
along the other. Obtain a sharp-pointed hard pencil. 


EXERCISES 2 


1. Draw a line 3 inches long. Measure its length in millimetres, to 
_ the nearest whole millimetre. 

2. Drawa line 2°5 inches long. Measure its length to the nearest 
_ millimetre. ~ 

_ ‘3. Draw a line 4°3 inches long. Measure its length in centimetres 
_ and millimetres. Then state the length in centimetres and decimal. 
4. Measure the distance between the bottom and top lines in your 
- note-book in centimetres and decimal.? 

5. Measure the length of your note-book in decimetres, centimetres, 
- and millimetres. Then state the length in decimetres and decimal. 
62° Measure the breadth of your bench in decimetres and decimal. 
7. Measure the breadth of the laboratory in metres and decimal. 


| The Estimation of Hundredths of an Inch and of a 
- Centimetre.—Observe an inch scale divided into tenths. It 

_ is*easy to make measurements by means of it to the nearest 

fig inch. eBut we can be more exact. We may imagine each {5 

inch to be divided into 10 smaller but invisible divisions of 745 

inch each. 

Ps be tg Pea provided by J. Raybone and Sons, Whitmore Street, Birmingham, or 


f riton, ro9, Deansgate, Manchester. ; 
‘The eye should in each case be placed immediately above that part of the scale 


which is being read. 
a length is an efact number of cm., e.g. 13 cm., it should be stated as 13°0 cm. 
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Fig. 4 represents the edge of an inch scale. 


AB = 07 inch to the nearest 4; inch 
= 0°'7+ inch, z.e. between 0°7 and 08 inch 
= 0°73 inch, estimating hundredths of an inch. 


Similarly, a centimetre scale divided into millimetres can be 
read to the hundredth of a centimetre. 


EXERCISES 


NoTeE.—In the following exercises read to 2 places of decimals. 


1. Measure the distance between the bottom and top lines in your 
note-book in inches. 

2. Number the lines in your note-book 1, 2, 3, 4, &c. Measure the 

distance between the tenth line 
A B and the first line in inches. 

3. Measure the distance between 
the seventh line and the first line 
in inches. 

4. Measure the distance of the 
first line from each of the follow- 
ing lines in inches. Tabulate 
your results. 

5. Measure the distance between the tenth line and the first line in 
centimetres. 

6. Measure the distance between the seventh line and the first line in 
centimetres. 

7. Place a 10-to-the-inch scale against a scale divided into centimetres 
and millimetres. Read off in inches and decimals the length ef 1 em., 


oe Ss 10 cm., estimating to the nearest hundredth 
of aninch. For instance, 


itm. = ‘4 inch 
2 cm. = ‘79 33 bad 


8. Place two scales together as before. Read off in millimetres (and 
by estimation tenths of a millimetre) the lengths of 1, 2, . . . 6 ins. 

9. Measure the diameter of a penny in centimetres. . 

10. Take a strip of paper about 15 cm. long. Wrap it carefully 
round the edge of a penny until it overlaps, and then prick a small 
hole through both thicknesses of paper with a pin. Measure in centi- 
metres the distance between the two pin-pricks @a the paper. This 
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ength is equal to the circumference of the penny. Then divide the 
length of the circumference by that of the diameter. State thus :— 


aa Circumference = cm. 
a Diameter = cm. 
a .*. Circumference 

secnscacemetia = —— cm. 
S Diameter 

x = cm. 


9° > 
11. Measure in the same way the circumference of 


(a) a copper cylinder, 
(4) a boxwood ball. 


12. Repeat No. 11, but wrap the paper ¢hvee times round the ball 
and cylinder. 
13. Draw a circle of 5 cm. radius. Find the length of its circum- 
_ ference in cm. by means of a piece of cotton. Tie a knot near one 
end of the cotton. Mark any point on the circumference, place the 
_ knot upon it, and with finger and thumb gradually trace the cotton round 
- to the mark again. Then pick up the cotton, and lay it straight along 
_ametre scale. Lastly divide the length of the circumference by that of 
_ the diameter. State as in No. 10. 
14. Measure the length of a road on an Ordnance Map by means of 
a piece of cotton, and then by reference to the scale of the map calculate 
the length of the road in miles. 


ci if 
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EXAMPLES I 


Metric Prefixes. Length 


1. How many centimetres make § metre? 

2. How many millimetres make 1 decimetre ? 

3. How many metres make 10 kilometres ? 

4. How many millimetres make 1 kilometre ? 

5. Express I centimetre as a decimal of 1 decimetre. 
_ 6. Express 1 millimetre in kilometres. 

7? Express 45°6cm. in dm. 

8. Bringe2*34 km. to cm. 

9. Subtract 1 mm. from I cm. ; answer in cm. 

10. How many cm. are there in 123°456 metres? 
18. The diameter of a halfpenny is 25 mm. How many halfpennies 
jn a row would stretch 1 metre ? 
12. How many metre strides shall I take in running 5 kilometres ? 

__-¥3. ‘Ifa sixpence is 1 mm. thick, find the height in cm. of a pile of 


sixpences worth Af. 
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14. If a cricket pitch is 2 dekametres long, how many kilometres 
does a boy run in making a century ? 

15. A fishing-rod has 3 joints and a total length of 3°6 metres, Find 
the average length of each joint in cm. 

16. How many hours will it take to walk 24 kilometres at the rate © 
of 1 hectometre per minute ? 

17. How many pins, each 25 mm. long, can be made from 1 kilometre 
of wire ? 

18. Four pieces of 1 decimetre each are cut away from a metre of 
glass tubing. Into how many lengths of 15 cm. long can the remainder 
be divided ? 


2. STANDARD OF AREA.—Draw a square ABCD 
measuring I decimetre along each side (Fig. 5). This is called 
1 square decimetre. Mark off centimetres along each side. 
Through the points of division rule lines parallel to the sides of 
the square. 

The square decimetre is then divided into smaller squares, each 
1 sq. centimetre. How many sq. cm. does it contain? There 
are 10 rows, each containing Io sq. cm., or 100 sq. cm. altogether. 
The sq. cm. AEFG has been similarly divided into sq. mm. 
Thus, 


I sq. dm. = 100 sq. cm. 
I sq. cm. = 100 sq. mm. 


Observe that the area 1 sq. cm. is roughly represented by the 
area of a finger-nail. 

A square millimetre, a square centimetre, a square decimetre, 
a square metre, or a square kilometre may in different cases be 
used as the unit of area. Thus the area of a country may be 
suitably expressed in square kilometres, the area of a play- 
ground in square metres, and the area of the wing of a bee in 
square millimetres. ms 

The Measurement of Rectangular Areas.—Obtain 
some paper divided by straight lines into sq. mm. e 

(1) With a sharp-pointed pencil draw upon it a sq. centimetre. 
It contains 100 sq. mm. 

(2) Draw upon it a rectangle 8 cm. long and 34 mm. broad. 
Find its area by counting the sg. mm. which it contains. It is 


a Pie. 5. 


‘se e1? to contain 24 blocks of too sq. mm., and also a long strip 
conta j 1ing, 320 Sq. mm. Thus é 

es Area = 2400 + 320 sq. mm. 

Ae = 2720 sq. mm. | 

Observe that we can also calculate the area by considering that 


er aa 34 rows of sq. millimetres, with 80 sq. millimetres in 


: 
factn 9 » 
a r 


ee Area = 34 X 80 sq. mm. 
ao = 2720 sq. mm. 
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(3) Draw a rectangle 69 cm. long and 5°3 cm. broad. What i is 
its area? 
Area = 69 X 53 Sq. mm. 
3657 sq. mm. 
= 36°57 sq. cm. 
These examples will serve to show that in the case of any 
rectangular surface 


Area = length x breadth. 


Care must be taken to express both length and breadth in terms 
of the same unit. 


EXERCISES 


1. Obtain some paper divided by straight lines into square millimetres. 
Draw upon it a rectangle 5°5 cm. long and 24 mm. broad. Find its 
area 

(2) in sq. mm. 
(6) in sq. cm. 

2. Drawasquare inch upon the same paper. How many sq. mm. 
does it contain ? 

3. Obtain some paper divided by straight lines into square inches and 
hundredths of a square inch. Draw upon it a rectangle 22 inches long 
and 0°8 inch broad. Find its area 

(2) in hundredths of a square inch 
(4) in square inches. 

4. On the same paper draw a rectangle 2°8 inches long and 1°7 inches 
broad. Find its area in square inches. 

5. Open your note-book at the middle. Measure the length and 
breadth of the inside sheet in cm. (to 1 place of decimals). Calculate 
its area in sq. cm. and decimal. 

@ Find the area of (a) a sheet of paper, (4) a postcard, in square 
inches and decimal. 

7. Find the area of a visiting card in sq. cm. and decimal. 

8. Trace the outline of a nasturtium leaf upon some paper divided 
into sq. mm. Calculate its approximate area in sq. mm e 


EXAMPLES II 


Metric Square Measure. Area 


1. Elow many sq. dm. are there in 1 square metre? 
2. How many sq. cm. are there in 1 square metre? 


3. Multiply 3 dm. by 2 cm. ; answer in sq. cm® . 


- 
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4. Multiply 80 mm. by 30 mm ; answer in sq. cm. 

5. If 1 inch equals 25 mm., how many sq. mm. equal 1 square inch? 

6. Find in sq. cm. the area of a postcard 12°5 cm. long and 
80 mm. broad. 

7. How many pieces of zinc each 25 cm. by 0°8 cm. can be cut 
from a sheet 16 dm. by 8 cm. ? / 

8. How many postage stamps each 24 mm. by 20 mm. are required 
to paper a wall 4 metres by 3 metres? 

9. If the pressure of the air is 2} lbs. per sq. cm., what is that in 
cwts. per square metre ? 

to. If 1 dm. equals 4 in. long, express 1 square metre in square 
yards, 


-——_———— 380 cm. ——__—_"—> 


One 
Cubic 
Decimetre 


—10cm.—— 


ai 


Fic. 6. 


3. SPANDARD OF CUBIC CONTENTS OR 
VOLUME.—The unit of volume most used in laboratory 
work is the volume of a cube each edge of which measures 1 
em. long. This is called 1 cubic centimetre : it is denoted 
by 1 c.c. 

Exercise. To cut out a Cubic Centimetre.—Cut 
out of soap a cube, each edge of which shall measure 1 cm 


Make a mental note of its size. It is about that of a die. 
capacity of a small thimble is also about that of I c.c. eed 

EXERCISE. To make a Cubic Decimetre.—Cut outa 
stiff cardboard cross, 30 cm. by 10 cm. (Fig. 6.) Print — 
inscriptions on the faces as indicated in the figure. Cut the 
card half-way through along each of the lines AB, BC,CD, 
DA. Bend back the four squares and stick their edges 
together with gummed paper both inside and outside. Let the 
gum dry. Then warm the hollow cube, and paint it over with 
melted paraffin. 

Similarly make out of cardboard a cubic centimetre. 

How many cubic centimetres could be packed into the cubic 
decimetre? Imagine first that the bottom of the cubic 


Fic. 7.—Ten cubes like 4 would make a row like B. Ten rows like B would make 
a layer like C, and ten such layers would go into the box D. 


decimetre were paved with cubic centimetres, how many would 
cover the bottom? Clearly 10 rows of cubic centimetres with 
10 cubic centimetres in each row, or 100 altogether, ies 
necessary. And ten of these layers piled one on another would 
be required to fill the cubic decimetre (see Fig. 7). 


s 
10 X 10 X 10 or 1000 cubic centimetres equal 1 cubic f&ecimetre. 
The capacity of 1 cubic decimetre is called 1 litre. On the 
Continent milk and oil and other liquids are measured in litres. 

Take’a large flask which will contain just 1 litre of a liquid, 
fill it with water, and find how many times you can fill a 
tumbler from it. It can be filled four times, so the capacity of 


a tumbler is about } of a litre. Ns ae 


a 
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Fill a ‘litre flask with water from a pint measure. It can 
contain about 1} pints. 

_ The multiples and decimals of a litre are named like those of 
the metre; for instance, a decilitre means ip Of a litre, and 
remembering that 1 litre = 1 cubic decimetre = 1000 C.c., we 
May construct the following table :— 


I litre = 1000 C.c. 
I decilitre = 7 litre= 10o0cc. 
I centilitre =;45 , = 10c.C. 
j Imillilitre =j55, = Ice. 


_ We have thus two names for yao litre ; it may be called 
ither 1 millilitre or 1 cubic centimetre. The latter is more often 
used. 

4 It has already been shown that the volume or capacity of any 
rectangular solid is obtained by multiplying the area of its base 
by its height. Thus, if a biscuit-box is 5 cm. broad, 8 cm. long, 
and 6 cm. high, its capacity is 5 x 8 x 6 or 240 cubic centimetres. 
Of course, before multiplying breadth x length x height, 
he numbers expressing the lengths of these must all be in terms 
of the same unit. 


UD 


EXERCISES 


" Find the volume of the rectangular block of wood provided-- 


(2) in cubic inches, 
(4) in cubic centimetres. 


_ Measure inches to 2 places of decimals and centimetres to 1 place 
of d 
- Stafe thus :-— 


. . 
Length = inches 


_ Height = vs - 
Pe Volume = x x cubic inches 


= cubic inches 


ae (eae 
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ExaAmpPLes III? 
Metric Cubic and Capacity Measure 


1. How many c.c. are there in I cu. dm.? 
2. A cube measures 30 cm. each way; what is its volume in c.c. ? 
3. How many cu. mm. are there in I cubic inch, if 25 mm. equal 
inch long? 
How many cu. mm. are there in I ¢.¢. ? 
How many c.c. are there in one cubic metre ? 
How many c.c. are there in 3 litres ? 
How many c.c. are there in 2 decilitres ? 
Express 1234 c.c. in litres. 
. How many c.c. are there in 56°78 litres? 

10. Express in c.c, I litre + 2 decilitres. 

11. The lead of a pencil is 2 mm. broad, 2 mm. thick, and 150 mm. 
long, what is its volume in cu. mm. ? 

12. Find inc.c. the contents of a biscuit-box 15 cm. high, 12 cm. 
broad, and 240 mm. long. 

13. Find in litres the contents of a box, 8 cm. deep, 25 cm. long, 
and 10 cm. broad. 

14. How many times can a dekalitre bucket be filled from a trough 
2 metres long, 50 dm. broad, and 40 cm. deep. 

15. 600 cu. ft. of air each is allowed in a dormitory for 20 people. 
How many litres is that for all ? (1 ft. long = 30 cm.) 

16. How many days will a hectolitre cask of water last for 7 people, 
allowing each 3 pints per day (1 litre = 1} pints). 


_ 
aged dea a 
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4. STANDARD OF WHIGHT.—The unit or standard 
of weight in the Metric System is the gram. One gram (gm.) 
is defined as the weight of 1 cubic centimetre of pure water.” 

A penny weighs about Io grams. 

It has already been stated that 1 gram is the weight of I c.c. 
of water. There is thus a very simple relation between the 
measures of the volumes and weights of given guantities of 
water. For instance, 1000 c.c. of water should weigh 1000 
grams. ‘Test this as follows :—Takea litre (1000 c.c.) flask, and 
counterpoise it on a strong balance ; then add 1000 grams to 


1 To the Teacher.—A\l the questions in this set and in the succeeding sets of 
Examples in this chapter should not be worked on first studying the subject. Some 
of the questions should be set in the course of the study of the next few chapters, 

2 Strictly speaking at 4° C., the temperature of maximfim density of water. 

t 
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the counterpoise, and fill the flask with water; the balance is 
still maintained. 

There is no such simple relation between the English measures 
of volume and weight. 

Multiples and decimals of 1 gram are named as Jdefore. 
There is therefore no difficulty in learning the following table, 
whereas Avoirdupois Weight is not made at all easier by having 
previously learnt Long Measure :— 


1 kilogram = 1000 gm. 
I hectogram = 100 gm. 
1 dekagram = 10gm. 
I gram 

I decigram = ‘I gm. 
I centigram = ‘OI gm. 
1 milligram = ‘oor gm. 


EXAMPLES IV 
Metric System. Weight 


. How many decigrams are there in I gram ? 
How many milligrams are there in 1 centigram 
. Express 7891 grams in kilograms. 
What decimal of a gram are 2 decigrams? 
What decimal of a gram are 50 milligrams ? 
. Express 6°54 kilograms in grams. 
What decimal of a gram are 100 milligrams ? 
. Express 3 centigrams + 4 milligrams in milligrams. 
9. Express 2 decigrams + 5 centigrams in milligrams. 
to. Add 3 gm. + 2 dgm. + 50 mgm. Express in grams. 
tr. Add 25 gm. + 200 mgm. + 2mgm. Express in grams. 
12. Add 1 Kgm. + 2 Dgm. + 3 gm. + 4 dgm. 
13. A flask weighs 20 gm. when empty, and 45 gm. when full of 
watgr. What is its capacity ? 
14. A flask which will hold 80 c.c. of water weighs 107 grams when 
full of wate®. How many grams will it weigh when empty? 
15. A litre flask weighs 150 gm. when empty. How many grams will 


am Aw YY N 


_ it weigh when full of water ? 


16. A biscuit-tin measures 16 cm. by 25 cm. by 20 cm. How many 


_ grams of water will it hold ? 


17. Mercury is 134 times as heavy as water. How many grams of 


mercury will fill a desilitre flask ? 4 
| ’ C2 
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18. Sulphuric acid is 1°8 times as heavy as water. How many c.c. 
of sulphuric acid will weigh 99 grams ? 
19. If 5 cm. of wire weigh 25 milligrams, how many grams will 10 
metres of the wire weigh ? 
20. If 1 square centimetre of metallic foil weighs 1 centigram, how 
many grams will 1 square decimetre weigh ? 


The Relations between English and Metric 
Units :— 


Some rough equivalents are worth remembering :— 


1 foot equals 30 cm. 

1 inch »» 25 ma 
I decimetre ., 4 in. 

1 kilometre ,, = mile. 
I ounce ,, 28 grams. 
1 litre >, 12 pints. 
I kilogram ,, 2+ lbs. 


More exact numbers are useful for reference :— 


I metre equals 39°37 inches. 


I foot yo. 3O°5 Cmte 

I gram »> 15°43 grains. 

I grain :3 06489 grams. 
1 kilogram ,, 2°20 lbs. 

I litre o 1°76 pints. 

I litre 5»  61°O3 cu. ins. 


i Ci, ion 16°38 Ce 


Note.—\f 1 gram equals 15°43 grains, then 1 grain equals 

I 

oe oO 
eas gram, or ‘06489 gram. 

The numbers 15°43 and ‘06489 are called veciproca/s. ‘ 

Some Disadvantages of the Metric System.—The 
advantages of the Metric System over any existing “system for 
the purposes of scientific investigation are great. It is under- 
stood by men of all nationalities, and the decimal relations 
which exist between the units are of great convenience in 
calculations. 

It is not, however, urged here that the Metric System is the 
best for all the ordinary transactions of life. Indeed, as Herbert 


y pointed out, there is some ground for the 
nat a decimal system is not the most convenient for the 
irposes of petty trade. Quoting from a letter which appeared 
the 7imes, he gives the following instance: “In England, if 
old village woman buys a measured quantity involving 
uctions of an article at a price reckoned, say, in shillings, 
ence, and halfpence, the shopman or girl never seems to find 
my difficulty in working quickly in his or her head the sum 
vl ich has to be paid, and the old woman manages to see that 
he is charged correctly. But, in F rance, with the decimal 
ystem, it seems always to be necessary to work the simplest 
um out on a piece of paper. In fact, it is not difficult to see 
lat it is pretty easy to work out mentally the value of, say, a 
and three-quarters of riband at 34d. a yard, while it is very 
to work out mentally the value of, say, I m.. 75 centi- 
metres of riband at 35 centimes a metre.” 

Moreover, in different trades different units are found to be 
convenient, and though the Government of France enforced as 
ago as 1839 the observance of the metric system, it is 
arkable that its use is even to-day not general in France. 
“Precious stones are to-day bought and sold in carats ; fire- 
wood in cordes; milk in pintes; gravel in toises ; grain, 

statoes, and charcoal in boisseaux ; Sugar and tea among the 
aBpic is dealt with in livres, demilivres, &c.” 


EXAMPLES V 


Metric System. Miscellaneous 
(2) 


1. How many pieces of glass rod, each 5 cm. long, can be cut from 

yiece 1 metre long ? 

2” How many times can 10 c.c. of water be obtained from a half. 
e lask ? 

| _If1 metre of wire weighs 4 decigrams, how many milligrams will 
_A flask weighs 20 grams when empty, and 120 grams when full of 

ter. What will the flask weigh when full of mercury, of which 

c. weighs 13°5 grams ? ; 
_A train is travelling 100 kilometres per hour. What is that in 


. 
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6. If a metal decigram weight measures I sq. cm., find in grams the 
weight of a piece of metal of the same thickness, measuring 4 mm. by 
25 mm. 


(6) 


7. Add, expressing the answer in metres :— 
1 Km. + 2mm. + 3cm. + 4 Hm. + 5 Dm. + 6 dm. 

8. Find in sq. cm. the area of a post-card measuring 1°25 dm. by 
80 mm. 

g. Find in cu. dm. the contents of a box measuring 150 mm. high, 
12 cm. broad, and 2°4 dm. long. 

10. How many grams of soda are contained in 10 c.c. of a solution, 
1 litre of which contains 35 of a kilogram of soda? 

11. If 1 metre of wire weighs 120 centigrams, what will be the 
length in centimetres of 60 milligrams of the same wire ? 

12. Find to 2 places of decimals the number of centimetres in 1 foot 
long, assuming that 1 metre = 39°37 inches. 


(c) 


13. Add together $ litre, 20 c.c., 200 millilitres, and 12 decilitres, and 
express the sum in c.c. 

14. If a bath is 17°I metres long, 5'1 metres wide, and 1°5 metres 
deep, how many times would a bucket, containing 8°1 litres, have to be 
filled before the bath was ha/f empty? 

15. If I deal out to each of 40 boys 3 pieces of wire, each piece 
being $ metre long, and if a metre of wire weighs 4 decigrams, what 
weight of wire have I dealt out? 

16. If the diameter of a sixpenny piece is 2 cm. long, and it is T mm. 
thick, calculate what would be the value of a hectometre of them placed 
in a vow. 

17. Calculate how high the same number of coins would reach, 
expressed in metres, if they were placed in a Avie. 

18. Ifa bicyclist rides 10°5§ miles in 42°5 minutes, and if 8 kilomé@tres 
= 5 miles, how many kilometres an hour does he travel on the average ? 


(2) 


19. Add 2 kilograms, 400 grams, 200 milligrams, 5 decigrams, 1 
centigram. Answer in grams. 
20. If a square centimetre of platinum foil weighs 1 centigram, how 


many grams will a square metre weigh ? . 


ee 
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21. How many times can a decilitre flask be filled from a pneumatic 
trough 10 cm. broad, 8 cm. deep, and, 25 cm. long ? 
| 22. A solution contains 1 ounce of salt in 1 pint of water. How many 
‘grams of salt per litre of water would make a solution of the same 
strength ? 
23. Ifa 100 c.c. flask weighs 120 grams when full of water, what will 
it weigh when full of mercury, which is 133 times as heavy as water? 
24. If 30 cm. = 1 linear foot, and 1 cubic foot of water = 1000 
ounces, find the weight of 1 litre of water in ounces. 


Sok 


CHAPTER III 
THE MEASUREMENT OF MASS—THE BALANCE 


THE mass or quantity of matter in a substance is measured 
by comparing it with standard masses. These standard masses 
are usually called “weights.” Hence, the measurement of mass 
is commonly spoken of as “weighing.” The measurement of 
mass is usually carried out with an apparatus called a dalance. 


EXERCISE.—To make a Simple Balance.!—Take a box- 


wood scale, and drill a hole near one edge at the division a 


Fie. 8. 


marked 50, and fix a steel knitting-needle tightly throughethe 
hole. Place two piles of wooden blocks, with their faces 
parallel to one another, and about 1 inch apart. Let the 
knitting-needle rest on the upper surfaces of the blocks with the 
scale between them. Does the scale balance horizontally? If 
not, wind some tin-foil round one end until it does. Take two 
pill-boxes without lids and arrange to suspend them bythread from 


1 Adapted from Weighing and Measuring, ty B. Edser. 
‘ ae 
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. - 
_ the scale. Hang them at equal distances from O, the middle of 

_ the scale, and on opposite sides of it. Does the scale still balance 

horizontally? If not, add sufficient tin-foil to one or other 

_ pill-box (Fig. 8). 

Remove the two boxes and put 20 gm. into each. Hang one 
box 40 cm. from O on one arm. Find where the other box must 
be hung that the scale may balance horizontally: it has to be 
placed 40 cm. from O on the other arm. Now hang the first 
box in a new position: again, the second box must be placed 
at an equal distance from O to maintain equilibrium. It is clear 
that egual weights will only balance one another when at equal 
distances from the point of support. 

Again, hang the two boxes 40 cm. from O, and on opposite 
sides of O. Place 30 gm. in one box, and add gram weights to 
the other until there is equilibrium. Is it not necessary to add 
an equal weight, viz. 30 gm.? Repeat with some other weight in 
the first box. It becomes clear that two substances must have 
equal weights tf they balance one another when at equal distances 
from the point of support. 

Suppose we desire to find the weight of some copper turnings. 
Place them in one box at A. Place the other box at B, such that 
the length BO =the length AO. Add standard masses or 
“weights” to the box until there is equilibrium. Then we may 
conclude that the weight of the copper is measured by the amount 
of the standard weights in the box. 

Of all the instruments which are at the present day in the. 
service of the chemist the balance is the most important. To- 
day the balance is to the chemist as his very right hand, and 
without it the rapid progress of the last century would have 
been impossible. The use of the balance has placed chemistry 
among the exact sciences, and so far as may be chemical 
problems are now put to the test in the laboratory, and not 
referred for an answer to the logician in his study. How differ- 
ent our opinion of the balance is from that of Jean Rey, a shrewd 
physician, who said in 1630: 

“1 affirm that the examination of weights which is made by 
the Balance differs greatly from that which is made by the 
reason. The latter is only employed by the judicious, the 
former can be practised by the veriest clown. The latter is 
always exact ; the former is seldom without deception,” 

’ 
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The balance is a delicate instrument, and Jean Rey’s clown 
cannot be allowed’to play with it, or it will soon be injured. 

The Student’s Balance.—We shall now describe the 
balance to be used in almost all the experiments and problems 
described in this book. 

It consists of a beam A B (Fig. 9) which can be raised from 
or lowered on to a knife edge at C by the handle D. At its two 


AANA 


ends are suspended pans E and F. A needle H is attached 


rigidly at right angles to the beam, and its point is in front of a 


graduated scale. There are screw nuts at K and G by means 
of which the lengths of the arms can be slightly altered. The 
nuts K and G should be so adjusted that when the pans are 
empty the needle swings over the same number of degrees to 
the right and the left of the zero point at the centre of the 
scale.! 


€ 
Remove the pans from a balance. Examine the means of 


1 Several firms sell balances of this type. For laboratory work it is recommended 
to obtain them fitted with glass cases, whereby the balance is protected from the 
disturbing influence of air currents, and the still more dangerous effects of corrosive 
chemical fumes. 

A Rough Balance.—it is often only desired to know quickly the approximate 
weights of substances. A very convenient balance is Salter’s Letter Balance, No. 11, 
which will carry tooo grams. (G. Salter and Co., West Brormwich. 5s. 6a.) 

Another convenient balance is one built on what is known as qhe French type. 


wig t. 
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; support, including the knife edges. Make a drawing of the 


way in which the pan is supported. 


50 20 20 10 
BRASS es - : 
FLat WHITEf 0°5 O'2 o'2 o'l 
METAL \ 0°05 0°02 0°02 (owe) | 


Notice that there are just enough weights to add up to any 
sum from ‘oI to III‘I1O grams. 

For example, if a substance weighing 67°89 grams were 
weighed, the weights would be made up as follows :— 


+ 50 + IO 


+ ‘05 + 02 + ‘02 
The gram weight and those greater than the gram are usually 
made of brass. 
The Smaller Weights, which are always used in accurate 
weighing, are differently marked by different makers. They are 
made of aluminium, nickel, or platinum. 


0,1 4 
Gr | |GRM 
2 
Ed | |) [~) 
, 
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The smaller weights shown above in Fig. to represent :— 
‘I gram ‘o2 gram ‘Ol gram 
= I decigram 2 centigrams = I centigram 
= 100 milligrams 20 milligrams = 10 milligrams, 


*The Rider.—The ‘o1 gram or centigram weight is often a 
small bent wire cAlled a‘ rider, because it can ride astride the 


2 The Weights.—In a set of weights from I centigram up to . 
+50 grams the following individual weights are usually found :— 


eis a Doe ; 


’-; 
a. 


be le oe 


its efiesiee Echt ange and a it ae to weigh 
to milligrams or even to tenths of a milligram. The beam : 
an accurate balance is divided into ten equal spaces. When 7 
the rider is put on the outermost of these, it is worth its full 
weight, ‘oI gram. On the middle division it acts as "005 g 
and on the innermost division as ‘oor gram. 
EXERCISE.—Remove all the flat weights from the box, 
Arrange them on the squares drawn in Fig. 11. Ask your 


>. 


ane: re 


teacher whether you are right. Rearrange the weights in their <7 
box. They should be in order of magnitude. Never force a _ 
weight into a hole too small for it. Give each weight a separate _ 5 
space if youcan. The bent-up corner should be at the upper 
right-hand corner. Ask your teacher whether this has been | 
properly done. tg 

The Method of Weighing.—The following points should — = 


be observed :— 


. Always turn the handle D gently, and right over from one a 

ihe other. 

2. See that the pointer is swinging equally upon both sles of the 
scale, when the pans are empty. [Why ?] 

3. Stop the swinging of the balance whenever the object or the | 
weights are added to or removed from the pans. [Why ?] 

4. Always place the object to be weighed in the left-hand pan, and 
the weights in the right-hand pan. [Why ?] 


5. The position of the observer should be "Ppa the centre of | a 
scale. [Why ?] 


lance pan, and see that the two agree. 
8. Never weigh anything which has been heated, until it is cold. Rest 


EXERCISES 
Weighing 


. Find whether the balance swings true, the pointer vibrating to + 
al distances on each side of the middle point of the scale. Probably 
does not. Take a square decimetre of paper. Tear. it in two. 
iter one half A. Tear the other half intwo. Letter one part B. 
y on bisecting ; letter the weights so made A, B, C,.... H. 
Use these weights to counterpoise the balance until it does swing true. 
2. If the error of the balance is less than a centigram, use a centi- 
m rider, and without any other weight find what weight would 
ist the balance. 
3. Pick out weights amounting to 87°65, arranging them neatly on 
. balance pan, the largest in the centre. 
. Add up the weights on the balance pan. 
5. Add up the spaces in the box. 
6. Take a set of English grain weights, 600 grains to 10 grains, and 
find the weight of each in grams to the nearest decigram next below the 
ue weight. Write answers thus—I1‘9 +. 
. Repeat exercise 6 to the nearest centigram next below the true 
4. 
8. Cut a piece of lead to weigh exactly 10 grams. 
9. Cut a piece of lead foil to weigh exactly 1 gram. 
jo. Weigh newly minted French (or English) silver coins. 
11. Weigh the glass stopper ! provided. 
2. Welth the copper cylinder! provided. 
{Further exercises in weighing will be found in the succeeding 
pters. Excellent exercises will be afforded by determinations of 
; ; density. J 
TI ele rg to keep a stock of glass stoppers and copper 


CHAPTER IV 
THE MEASUREMENT OF THE VOLUME OF A LIQUID 


The Units of Volume.—These are the litre for large 
volumes, and the cubic centimetre for small volumes. The 
litre is equal to 1000 cubic centimetres. 

It is very important to remember that 1 c. c. of water 
weighs 1 gram.! Consequently, we may regard any given 
number of grams of water as occupy- 
ing a volume expressed by the same 
number of c.c. For example, 1 litre 
or 1000 c.c. of water will weigh 1000 
grams. The convenience of this relation 
will be learnt from the following experi- 
ment. * 
EXERCISE 1. To find the Volume 
of a Pebble.—We shall know its volume 
if we can find out how much water it can 
displace. Take a small bell jar with, 
an open neck. Fit into the narrow 
end a rubber stopper, through which is 
passed a narrow glass tube, bent as 
shown in Fig. 12. Fix it in a clamp. 
Place a tumbler underneath, and pour 
water into the jar until it is dull up to 
the mouth of the tube. Tie a thread 
round the pebble. Weigh a beaker. Place it below the lower 
end of the tube. Carefully lower the pebble into the water 


1 This is strictly true only at 4°C. The average temperature of a room is about 
15°C. Hence, since water expands slightly between 4° C. and 15°C., 1000 ¢.c. of 
water will at 15°C. weigh slightly less than tooo grams. c 
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| 7 until it is quite immersed. The water overflows, and is caught 
_ inthe beaker. Weigh again. Example— 


Weight of beaker... ... sie ase ee 
Weight of beaker + ‘water ‘which arened.. Pare oy ich 
<"s Weight of water which overflowed ..... ... 21°44 ,, 
and Volume eo, = a cee 2G ee Aare: 
ume. Wommme of pebble ...  ... 2. ne ce ee ee BY ER CO: 


_ It is now evident that we can readily find the volume of a 
flask by first weighing it when empty, and secondly when filled 
with water. For the increase in weight expressed in grams will 
measure its volume expressed in cubic centimetres. j 
EXERCISE 2. To find the Volume of a Flask up to a _ 
mark on the neck. Gum a label on the neck, and make a 
horizontal mark on the label. Weigh the flask. 
_ Fill it with water up to the neck. If the top 
surface of the water in the neck of the flask be 
observed, it is seen to be curved (Fig. 13). This 
curved surface is called the meniscus. If there 
is a horizontal mark on the neck of a flask, it is 
said to be full up to the mark when the /owes? 
point of the meniscus is on the level of the mark. 
Carefully bring the meniscus to the mark. Enter 


_ results thus :— pe 
Weight of flask ... ied i 
Weight of flask filled with water:, sex ae, SIOOBa 
Hence, weight of water in flask ... ... ... 82°21 ,, 
pene OF TARR © ic Gee eink ue SVL Oe 


_ “Measuring Flasks.—In carrying out experimental work it 
is founds convenient to have flasks with which to measure out 
a definite volume of liquid, for instance, 100, 250, 500, 1000 C.c. 

Exercise 3. To mark a Flask to contain 100 c.c.— 
_ Take a dry 3-ounce flask with a narrow neck. Weigh empty. 
Then add water till there is an increase in weight of 1oo grams. 
Allow the flask to stand until any water on the side of the neck 
has drained dovm. With a sharp file moistened with water 
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scratch a horizontal line on the neck to mark the lowest poin 
the curved surface bounding the water andthe air, 
The measuring flasks most often used are litre, $-litre, }-lit 

and 100 c.c. flasks (Fig. 14). They are usually fitted 
ground-glass stoppers, and when fil 
up to the circular line etched | 
their necks contain at 15° © 
volumes which are marked upon | h 

Measuring Jars.—These are 
cylindrical vessgls, graduated in cu 
centimetres, and holding 100, 
250, 500, or 1000 c.c. (Fig. 15). 

The student will understand hoy 
read the level of a liquid in a me 
ing jar after studying the use of a burette. 

Pipettes.—Flasks and measuring jars measure the 
liquids they contain, but it is extremely useful to have 
vessels which will measure out, or de/iver, accurately 
a small definite volume of liquid. 

A pipette is a glass tube open at both ends, upon 
which a cylindrical bulb has been blown (Fig. 16): 
There is a circular mark on the stem. When filled © 
with liquid up to the mark, the pipette will deliver 
exactly that volume which is marked upon it. 

EXERCISE 4. To use a Pipette.—Place the 
pointed end of the pipette in water. Suck up the 
water till above the mark. Quickly close the upper 
end with the moist thumb. Pressing gently, rotate 
the pipette so that the water very slowly flows out 
until the meniscus reaches the mark. Then press 
tightly. The flow ceases. Transfer the pipette to a 
beaker, remove the thumb, and let the liquid flow out. As Bi 
soon as the pipette appears to be empty, let it drain for five — 
seconds, with the tip just below the surface of the water in the 


beaker. The drop of water which is still in the pipette is Zef7, 
and not blown out. 
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EXERCISES 
Use of Pipette 


ck up water in a pipette. Set to the mark. 

fake a 10 c.c. pipette and a small beaker (2 oz.). Find how 
10 c.c. of water can be added to the beaker. 

‘ake a 10 c.c. pipette and a 100 c.c. flask. Find the level of the 
at after you have added 10 c.c. of water to the flask 10 times, 
Repeat No. 3, usiag a 100 c.c. measuring jar in place of the 
‘Weigh an empty beaker. Measure into it 5 quantities of water of 


. each by means of a pipette. Weigh again. What is the gain 
eight ? 


io anie 
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_ _ Burettes.—A burette is a glass tube witha glass tap at the 
lower end, used to deliver any desired volume of liquid (Fig. 17). 

_ The tube is graduated in cubic centimetres and tenths of a cubic 
_ €entimetre. In place of a glass tap a burette may be fitted 
_ with a glass jet attached by an india-rubber tube, on which is 
ce VOL. 3 2 * » 
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placed a spring clip ; such a burette is more suitable for school 
use. 

EXERCISE 5. To prepare a Burette for Use.—Fix the 
burette upright in a clamp. Place a spring clip upon the rubber 
tube. Pour water into the tube through a small funnel, until its 
level is above the top of the scale. Remove the funnel. Open 
the clip, and let some water run out, so that no air is left in 
the burette below the clip. The burette is now ready to deliver 
a measured volume of water. 

Examine the divisions and figures upon the burette. Draw 
the portion from 41 to 43 four times the actual size. 

Burette-Reading.—The surface of a liquid in a burette, like 
that in a flask, is curved, and is called the menzscus ; it is always 
the lowest point of the 
meniscus which is 
measured. Note the 
following points :— 

(1) The eye must be 
on the same level as 
the curve, otherwise 
the curve is seen dis- 
placed above or below 
the true position (see 
Fig. 17A). The level 
position may be obtain- 
ed thus. Stand a few 
paces back from the 
burette, and decide upon some object behind the burette, which 
appears to be on the same level as the meniscus. Then go up 
to the burette, and place the eye so that the meniscus is seen 
exactly on a level with the object selected. 

(2) The extreme edge, or owes? position, of the meniscus is, 
however, sometimes hard to see, but it can be made clear. “On 
looking into an aquarium from below the surface-line gold-fish 
are seen reflected above the surface. This phenomenon of 
reflection from the inside of a surface is called z#ternal reflec- 
tion, and it is this which may be made use of to render the 
meniscus distinct. If the background is not bright, the meniscus 
is made clear by holding a white object just behind and just 
below the surface. The edge of a card held behind the burette 
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tube answers admirably. At night, however, when the back- 
ground is dark, a gas flame may be put on the bench below to 
illuminate the meniscus. 

(3) The graduations are decimal, each fifth and tenth line 
being longer than the rest. Notice the figures opposite the 
divisions. Find whether they count upwards or downwards. 
Find how many c.c. or what decimal of 1 c.c. each scale- 
division stands for. 


EXAMPLES VI 
Burette-Reading 


1. Read the position of the liquid in the figure of a tube shown 
on next page (Fig. 18), taking the two long lines W and X to represent » 
respectively :— 


ee: Sie & D E F G H 
a ae °F 6860, 120 130: “250. Sk0 
a9g20.-50 6 900 100 150 200 3060 


For instance, the two lines W and X represent 30 c.c. and 20 ce. 
respectively in question A, 40 c.c. and 50 c.c. in question B, and 
so on. 

2. Sometimes the lowest point of the meniscus is not exactly opposite 
to any of the scale-divisions; tenths or other fractions of a division 
should then be es¢zmated (see page 9). 

Read the position of the liquid shown in Fig. 19, estimating the 
position of the curve in tenths of a scale-division, taking the two long 
lines Y and Z to represent respectively :— 


| eae 4 Eee er Peg R 
4 10 ‘90 40 700 800 G6 
and2 13 I! 20 #=§0 600 900 1000 


EXERCISES 
Burettes, Measuring Jars, and Pipettes 


(a) Burettes 


(1) Pour water into a burette. Set it exactly at to c.c. 
(2) Pour some water out of the burette. Read the new position of 


the liquid. , 
ot heed D2 


36 INTRODUCTION TO STUDY OF CHEMISTRY cuar. 


a a 


a 
Fic. 18. Fic. 19. 


(3) Choose a 100 gvaiz pipette and a 50 c.c. burette, graduated to 
tenths of 1 c.c. Set the liquid in a burette to 50. Measure 100 grains 
of water in the pipette, and run it into the burette. Read the level 
now. Run in another 100 grains, read again, and so on until you read 
the top of the burette. Take the difference between each two consecu- 
tive readings. These differences ought to be equal, for each Should be 
the number of c.c. occupied by 100 grains of water. If the differences 
are not nearly equal, find out where you have made a mistake. 
Repeat the exercise with still greater care, estimating tenths of a 
Jivision. 

State vour results thus :— 


--Exer. i Mecsorine to‘tec.c. Expr. 2. Estimating ‘or c.c. 


Differences. Differences. 
Oo 50 50° 
co 6s | - + 6°49 
I. 43°7 43°51 
. 69 . 6°46 
2. 372 37°95 
6°4 . 6°49 
3. 30°8 30°56 
Pays . 6°46 
4. 24°53 24°10 
rey “. 6°48 
§. 37°38 17°62 
pe 6"4 . 6°48 gue 
G. 114 11'I4 ale 
ze Oras 
De eta gl a a OR 


4. Pour water into a burette. Set it exactly at oc.c. Weigh an 
empty beaker. Run into it exactly 5 c.c. Weigh. Run in another 
§ c.c., weigh again, and so on until you have run out 50 c.c. Take the 
_ difference between each two consecutive weighings. These differences 
should be equal if the burette is correctly graduated. 

5. Youare provided with a small bottle. Find its volume by means _ 
of a burette. 

(6) Measuring Jars 


‘6. Make a drawing, twice the real size, of the portion of a measuring 
jar from 60 to 80. Show the graduations and the figures. 
_, 7. Add water to a measuring jar until the level of its surface is exactly 
at 74 c.c. 
8. Read the level of the water in the measuring jar provided. 

______ g_You are provided with a measuring jar and some marbles. Devise 

e a method of finding cae volume. Find also the average volume of 
‘I marble. 

(c) Pipettes (see also p. 33) 

d the volume of a 100 grain pipette as follows: Weigh an 
faker. | Fill the pipette with water, and run the water into the _ 
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beaker. Repeat three times. Again weigh. Calculate the weight in 
grams of 100 grains of water. 

11. Recalibrate the pipette provided, thus:—Gum a strip of paper 
13 inch long upon the stem of a pipette. Find the volume up to the 
bottom, and also to the top edge of the paper, proceeding as in No. to. 
Calculate where the mark should be placed upon the stem, and mark 
i\ op the paper. 


CHAPTER V 
THE MEASUREMENT OF TEMPERATURE 


Heat and Temperature.—Every one can attach some 
meaning to the word Heat. The sensation of heat is familiar to 
all. And yet we shall often make mistakes in judging whether 
a substance is hot or cold by our sensations. For the same 
room may at the same time appear hot to one man and cold to 
another. Indeed, the two hands may judge differently of the 
same substance; test this by placing one hand for a few 
seconds in hot water and the other in cold, and then place both 
together in lukewarm water : one hand feels cold and the other 
warm. It is clear, then, that the sensations of heat and cold in 
our bodies do not necessarily tell us anything of the actual 
state of a substance with regard to heat or cold. 

Nevertheless there is no room for doubt that different states 
of a body with regard to heat and cold can exist, and we shall 
proceed to consider how these different states or conditions can 
be measured. This we can do without stopping to find out 
exactly what heat itself is. 

Temperature.—If a poker be placed in a fire, the end out- 
side the fire quickly becomes warm, and we understand that 
heat has passed from the hot coals into the poker. If the red- 
hot poker be placed in a bucket of cold water, the poker will be 
rapidly cooled, and we say that heat has passed from the poker 
into the water. Many instances are met with every day of heat 
passing from one body to another ; such bodies are said to be 
at different /emperatures, and the heat passes from the body 
which is said to. have the higher temperature to that which is 


said to have the lower temperature. 
o 
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A difference in temperature between two bodies may be 
compared to a difference in level between the water in two 
cisterns. When two bodies are so placed that heat can flow 
between them, the flow of heat will always take place from the 
body which has the higher temperature to that which has the 
lower temperature, just as water will always flow from a higher 
level to a lower. Indeed, temperature may be defined as ¢hat 
condition of a body upon which depends the flow of heat to or 
Jrom other bodies. \t is important also to observe that the 
passage of heat from a hot to a cold body will continue until 
they reach a common temperature, just as water is said to find 
its own level. 


Fic. 20. 


Preliminary Idea of a Thermometer.—When heat is 
applied to any body it may produce many effects, but none 
is more noticeable than change in volume. In by far the 
greater number of cases a body expands or increases in volume 
when it is heated. 

Expt. 1. To show that Iron expands when heated.'— 
Support an iron gas pipe at its two ends upon two needles, 
resting upon horizontal glass plates, and let the central portibn 
of the pipe lie within (but not touching) a gas furnace (Fig. 20). 
Fix to each needle a light straw to serve as an index. Now light 
the furnace. In a short time each needle begins to roll outwards 
turning <he straw. This movement must be caused by the 
lengthening (expansion) of the bar. Note that the hotter the 
pipe becomes the greater is the expansion, and the consequent 
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movement of the straws. Allow it to cool. Note how the 
needles roll back. 
Expr. 2. Toshow that Water expands when heated. 
_ Take a glass flask. Select a rubber stopper, with one hole, 
_ which fits it closely. Pass a narrow glass 
tube, 50 cm. in length, through the cork, so 
that the end of the tube is flush with the 
lower surface of the stopper (Fig. 21). Fill 
the flask quite full with water coloured with 
indigo. Push the stopper with the tube 
into the neck of the flask so that all air is 
expelled, and the liquid rises a short way 
_ upthe tube. Mark the level of the liquid 
_ with a piece of gummed label. Immerse 
the whole of the flask in a vessel containing 
hot water. 
What do 
you ob- 
serve? The 
liquid in the 
tube first 
falls slightly; then it rises 
steadily. Why? The fall at 
first may have been due to a 
contraction of the water, or to 
y, an expansion of the glass flask. 
” The heat had hardly time to 
reach the water, so probably the 
fall was due to the flask expand- 
ing. The second change—the 
slow steady rise—-is due to the 
gradual heating and expansion 
of the water within the flask. 
Expt. 3. To show that 
Air expands when heated. 
—Close a glass flask with a 
rubber stopper through which is 
passed a long glass tube. In- 
vert the flask and support it so that the open end of the tube 
| dips under coloured water contained in a beaker (Fig. 22). 
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Warm the flask first with the hand. A few bubbles escape. 
Then warm the flask with a flame. The enclosed air bubbles 
out much faster. Remove the source of heat. Water rises 
up the tube, showing that the air contracts on cooling. 

In these three experiments we have illustrations of the ex- 
pansion by heat of a solid, of a liquid, and of a gas. In each 
case the expansion indicates the flow of heat into them from 
sources which are at higher temperatures. Hence, if we find 
that a substance is expanding in volume, we may conclude that 

heat is probably passing into it from something else which | 
must be at a higher temperature. ‘ 

The simple instrument described in Experiment 2 may 
be used to compare the temperatures on different days, or 
in different parts of a house, provided in each case the 
instrument is left sufficiently long for the passage of heat 
to continue until the instrument and the room have 
acquired a common temperature. If the glass tube be 
graduated—that is to say, divided into equal divisions and 
numbered—temperatures may be stated in terms of this 
scale. Such an apparatus is a simple instrument for 
recording and measuring temperatures—in other words, 
itis a rough thermometer. It may be remarked that 


Fig. 23. Galileo in the year 1597 was probably the first to employ 
a thermometer. 
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The Mercurial Thermometer 
EXERCISE.—1I. Examine a mercurial thermometer. Draw the bulb 
and a portion of the stem four times the actual size. 


2. Try the effect of holding the bulb in the hand, and of placing it 
in the mouth. 


The ordinary mercurial thermometer is really just such an 
instrument as was used in Experiment 2.. Mercury, however, is 
used as the liquid instead of water. The principal advantages 
of mercury over water are, that it does not freeze antil a very 
low temperature, and secondly, that it does not do¢7 until a very 
high temperature. The mercurial thermometer consists of a 
very fine thick-walled glass tube, which ends in a round or 
cylindrical bulb (Fig. @3). 

The Fixed Points on a Thermometer.—In order 
that a thermometer may be of practical use, its stem must be 

. 
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graduated. And, further, all thermometers should be marked 
so as to show the points at which the mercury would stand 
were all exposed alike to one or two particular temperatures. 
Otherwise, it would be impossible to compare the readings 
of one thermometer with those of another. 

In graduating the thermometer it is customary in the first 
place to mark upon its stem the points at which the mercury 
stands when it is heated to two standard temperatures. It was 
Newton who suggested that for these fixed points, as they 


are called, the melting temperature of ice, which is found to be 
very constant, and the temperature of steam arising from boil- 
ing water, which also, as will be shown later, is constant so 
long a the»pressure of the air remains the same, should be 
employed. 

Expt. 4. To mark the Boiling Point on a Ther- 
mometer.—Take a large flask containing some water, and fit 
it with a cork. File two grooves down the side of the cork, and 
pierce it with a hole through whicha thermometer can be thrust, 
0 that its bulb is just above the surface of the water (Fig. 24). 
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Boil the water vigorously. The thermometer is now surrounded — 
by steam. Observe carefully the point to which the mercury 
rises. This point is marked one hundred degrees or 100° on 
a Centigrade and 212° on a Fahrenheit thermometer. 

Expt. 5. To mark the Freezing Point on a Ther- 
mometer.—Fill a funnel with pounded ice. Support it on 
a tripod. Plunge the thermometer into the mass (Fig. 25). 
Observe the point at which the mercury becomes stationary. 
This is marked 0° on a Centigrade and 32° on a Fahrenheit — 
thermometer. Is your thermometer marked correctly? 

Scales of Temperature.—The difference in temperature 
between these two fixed points is large. It is customary to 
subdivide the interval between them according to one or other 
of three scales, named the Fahrenheit, Centigrade, and Réaumur 
scales ; we need only consider the first two. 

On the Fahrenheit scale the freezing point is marked 32° 
and the boiling point 212°, while on the Centigrade scale they 
are marked o° and 100° respectively (Fig. 26). The interval 
between these points is thereforé divided into 180 equal divisions 
or degrees on the Fahrenheit and into 100° upon the Centigrade 
scale. 


Hence, 180 Fahrenheit degrees = 100 Centigrade degrees. 
or 9 7) ie) — zp 3 73 
Therefore, 1 ‘ y = 2 9 » , 
and 4 re) ce) = 1 29 ” al 


The position marked o° on a scale is often called the Zero of 
the scale. On the Fahrenheit scale zero is 32° below freezing 
point. 

Degrees below o° are marked by the wegative sign: thus 
—10° C. means 10° below o° C. 

To Read the Thermometer.—Although the igterval 
between the fixed points on a Centigrade thermometer is divided 
into only 100 degrees, it is nevertheless possible by means of the 
eye to mentally subdivide each degree into tenths, and therefore 
to read any given temperature to the nearest /ex7/ of a . degree. 
ece of a thermometer stem. Thé gradua- 
tions stand f le degrees. The end of the mercurial column 
lies betwe and 12°. Subdividing the eleventh degree by 


eye should be at cs se to the scale at the point 
y the mercury (compare p. 34). 

thermometer should be read while its bulb is zm” the 
of which the temperature is being taken. 

figures count upwards. 


& 


Freezing 
point 


Fic. 27. 


EXERCISES 


la tumbler with cold water from the tap. Place a C. thermo- 
the water. Read the temperature. Change the water and 


‘some cold water in a beaker , and 1 C, thermometer in 
the water over a small flame. Whent nperature reaches 
your fingers into the water, and desc ur impression. 


heat the bg and when the temperat 40° C, and 
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3. Read the thermometers placed about the room and up the wall. 

4. What is the lowest temperature that can be read with the thermo- 
meter provided? What is the highest temperature ? 

5. Read the position of the arrow on a clinical thermometer. 


Conversion of Thermometric Scales.— 


‘@) Find the Centigrade reading corresponding to 80° F. 

80° F. is (80° — 32°) or 48° F. above the freezing point. 

48° F. is 48°x 8 C. or 26°°6 C. above the freezing point, which is 0° 
on the C. scale. 

Hence, the required reading is 26°°6 C. 


(2) Find the Centigrade reading corresponding to 20° F. 


20° F. is (32° — 20°) or 12° F. below the freezing point. 
. ‘12° F, is 12°x § C. or 6°°6 C. below the freezing point, which is o° 
on the C. scale. 

Hence, the required reading is — 6°°6 C. 


(3) Find the Fahrenheit reading corresponding to 15° C 

15° C. is 15°x 2 F. or 27° F. above the freezing point, which is 32° on 
the Fahrenheit scale. 

Hence the required reading is (27° + 32°) F. or 59° F. 


*Mechanical Interpolation..—The conversion of thermo- 
meter scales is only one instance of the mathematical process 
called znterpolation. Other instances occur in making out 
railway time-tables, in arranging prices and sizes of goods, and 
in the use and preparation of logarithmic, astronomical, and 
other tables (see Chapter XVIII.). 


EXAMPLES VII 
Interpolation—Conversion of Thermometric Scales 
(i) * INTERPOLATION . 

1. Ina certain street the lamp-posts and the houses do not count from 
the same point. The third lamp-post is opposite No. 21, and the 
seventh lamp-post is opposite No, 45. What number is opposite the 
tenth lamp-post ? : 

2. On a certain railway journey by express K, L, and M are passed 


at 12.3, 12.21, and 12.27. A slower train passes K and M at 1.4 and 
1.40. At what time does it pass L? 


_ 3. If the sun sets at 6.10 P.M. on September 16, and at 5.54 on. 
September 23, find the time of sunset on September 21. 

_ 4. A-solution containing 40 per cent. sulphuric acid has the density 
_ 1°306, and a 50 per cent. solution has the density 1°398. What is the 
_ density of a 46 per cent. solution ? 


(ii) CONVERSION OF THERMOMETRIC SCALES a " 
What Fahrenheit temperatures are equal to 

m96-C. eos Cc. ee CF? 
What Centigrade temperatures are equal to 

8. 50 F. q@ 95 F. 10. 122° Fs 2 
Express on the Fahrenheit scale— re 

Tats 20 C. Ia 5 C. eae SP wee Oe 

Express on the Centigrade scale— . 
| t4. 40 F. ay. 14: F. 16. -—4° F. 


17. On the Réaumur scale the freezing point is 0° and the boiling 
point 80°. What Réaumur temperature is equal to 59° F. ? 
18. What Fahrenheit temperature is equal to 16° R. ? 


EXERCISES 


I. Fill a beaker with cold water from the tap. Place a F. andaC. 
thermometer in the water. Read the lowest temperatures they show, as 
nearly as possible at the-same time. - Change the water, and again read. 
Repeat four more times. Enter thus :— 


F. 68°'9 | | | | | 


Thermometry 


C. 150 | 
_ Convert the last C. reading to the F. scale. Does the number agree 
with the last, F. reading ? 

2. Warm the water in the beaker, and when the C. thermometer 
reads about 40°, remove the flame, stir, and read both thermometers 
accurately, and as nearly as possible at the same time. Convert the C, 
reading to the F. scale. Does the result agree with the F. reading ? 

_ 3. Heat the water again, until the C. thermometer reads about 75”, 
and then read both thermometers. Convert the F. reading to the C. 
Seale. Does the result agree with the C. reading ? 
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4. Now boil the water, and place the C. thermometer in it. Arrange — 
two columns in your note-book headed Time and Temperature, thus— 7 


TIME. TEMPERATURE. 
3 hr. 20 m. O sec. 100""245. J 
S 20 30 7: 
3 2I fe) 
3 21 30 


Look at the second-hand of your watch, and when it is at the minute a 
read the thermometer and at once extinguish the flame, but leave the 
thermometer in the water. Put down the temperature of the boiling 
water opposite to the first time reading. Then, at intervals of half- — 
minutes, take the readings of the thermometer to the first decimal place. _ 
Take 16 readings. Plot the results on squared paper. (See Chapter 
XVITI.). : 

5. Half fill a flask with water. Add about 10 grams of common a 
salt. Heat the flask until the water boils. Hold the bulb of aC. 
thermometer in the steam aéove the boiling liquid. What is the highest 
temperature it records ? 

Then place the bulb of the thermometer 2 the boiling liquid. Is the 
reading the same ? 

6. Pound some ice in a mortar. Add a small handful of common 
salt. Mix thoroughly. Read the lowest temperature reached. 


CHAPTER VI 


_ THE MEASUREMENT OF THE RELATIVE DENSITIES OF SOLIDS 
AND LIQUIDS 


I. THE RELATIVE DENSITIES OF LIQUIDS 


-__NO one can fail to be aware that there are many. different 
kinds of liquids. At the mention of mercury, water, oil, or 
methylated spirits, we may also perhaps admit that they are not 
all equallyheavy. But how can we actually compare the weight 
of one liquid with that of another? Obviously by weighing in 
- turn one and the same volume of each liquid. We know that 
too ¢.c. for instance of water weigh Ioo grams. Suppose we 
find the weight of 100 c.c. of other liquids. 
We can readily measure out equal volumes of different 
_ liquids by means of a pipette. 
Expt. 1. To find the Weight of 100 c.c. of Methy- 
lated Spirits.—Take a small dry beaker. Weigh. Measure 
_ into it by means of a pipette 20 c.c. of methylated spirits. 
Weigh. State thus :— 


Weight of beaker ...... . Sf 1g‘4l oi 
Weight of beaker + 20 c.c. spirits. me SI 45. ys 
*, Weight of 20 c.c. spirits... .. = 16°04 ,, 
ae Weight of too cc. spirits... ... = 80°20 ,, 
EXERCISES. 


Find the weight of too c.c, of— 


(1) milk. (4) hydrochloric acid. 
(2) oil of turpentine. (5) sulphuric acid. 
(3) chloroform. (6) sea water. 
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Compare your results with the following numbers, which were 
obtained in the same way :— 


Methylated spirits ... 80°2 gm. | Milk Sere le 
Oilof turpentine .., 86°3_,, Hydrochloric acid .... 11471 ,, 
Beetc. ee! ,, Chloroform ... ... 147°% 4s 
Sea-water... ... .., loos, Sulphuric acid . Se 


It is evident that equal volumes of these liquids contain 
different amounts of matter. This is usually expressed by saying 
that some liquids are denser than others, or that they possess 
different densities.! 

Now, it is convenient to compare the densities of different 
liquids with that of some one liquid, and water has been chosen 
as the standard liquid. We can at once obtain from the results 
of our experiments numbers which will express the density of 
any liquid relative to that of water. 

Definition of Relative Density.— 


Relative density _ Weight of a substance 


or a - a atts 
Specific gravity Weight of an equal volume of water 


For instance :— 

Relative density of milk = —— Gt 200 c.c. shally 
weight of 100 c.c. water 
102°9 


100 
1029. 


II 


In this way we find the following relative densities, or specific 
gravities, as they are often termed :-— 


Methylated spirits... ... 0-802 | Milk... ll 
Oil of turpentine ...  ,., 0°863 | Hydrochloric acid ... wy BIQt 
Berens ww. ny ams ~O'BBO Chloroform 1. en 
SS a en | Sulphuric acid... ...© ... 1°782 
Serweret... ... «a. ws f 025 | 


1 Definition of Density. — 7% density of a substance is defined as the mass of 
unit volume. 


Hence, for example, from the results above— 


Density of methylated spirits = 0°802. 
Density of sulphuric acid = 1°782. 
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Observe the meaning that these numbers bear. ‘The state- 
ment that the relative density of milk, for example, is 1029 
means that volume for volume, milk is 1'029 times as heavy 
as water, and that 1 cc. of milk therefore weighs 1'029 
grams. 

It is important to observe that determinations with different 
samples of any one liquid—for example, oil of turpentine—give 
very nearly the same numbers. This fact leads us to suspect 
that any definite liquid has a relative density which is a constant 
property of it (at a given temperature). So long as the liquid is 
not mixed with any other liquid, its relative density appears to 
remain constant, and to have a fixed value. Consequently, it is 
possible to distinguish between liquids which may otherwise 
resemble one another by a refer- 
ence to their relative densities. For 
instance, the adulteration of milk 
with water, or the addition of water 
to alcohol, may be detected by 
finding the change of relative den- 
sity which results from the admix 


ture. ‘ 
The Use of a RelativeDer> .N.M 


sity Bottle.—Determinations by 


° 
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of liquids can “be more accurately 
measured in a Relative NénddyC 
Bottle (Fig. 28). The gla 
has a fine hole bored t 
and is ground to fit the 
curately. The bottle is filled with 
liquid, and the stopper then lowered gently into place, so 
that all aig bubbles and extra liquid escape through the hole. 
The top of the stopper and outside of the bottle are wiped dry 
before weighing. So accurate is this instrument that, if held in 
the hand for a few seconds, the liquid, expanded by the heat of 
the hand, will begin to exude through the hole. 

These bottles are usually made to contain exactly 25 grams 
of water at 60° F. But this should be tested by experiment. 
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Members of a class are recommended to determine by 
means of this bottle the relative density of some one liquid, e.g. 
methylated spirits or a solution of salt. Results should only 
differ in the third place of decimals. 


CALCULATIONS.—1I. Find the weight of 50 c.c. of mercury : 
relative density of mercury =13'5 ° 


State thus :— 
I c.c. of mercury weighs 13°5 gm. 


.*. GDigne ¥, » 13°35 % Sogem 
or 675 gm. 


2. Find the volume of 100 grams of sulphuric acid: relative 
density of sulphuric acid = 1°85. 


1°85 gm. sulphuric acid occupy I cc. 


I 
I 5B) 23 i) 2s — C.C, 
1°85 
: Too 
- [00 99 33 33 —- C.C. 
1°85 


Or 54°O GG 


Relative Densities of some Common Liquids. — 


ee ee kT 73 
AiCOnGL wegen... .. ‘80 
Benne: 2a... ... ee “88 
Lutpenuge aa... ... Le ‘89 
Olive oil ne ‘Ol 
Water a 5 ee 
mete =. ee 1°03 
Pea WAtel say .. .... ue 1026 
NYCOTING Savi Aa... Al 1°26 re 
Chloroform a. 
SUIPHUTIC GO eer... sic. 185 


BICTCULY “Grate. s,s 13°59 


3 OF SOLIDS AND LIQUIDS — 53 


EXAMPLES VIII : 
Relative Densities of Liquids 
(2) 


. Find the weight of 100 c.c. of chloroform: relative density of 
2. Find the weight of a litre of alcohol: relative density of alcohol 


3. 50 c.c. of turpentine weigh 43°1 grams. Find the relative density 
_of turpentine. 


4. 60 c.c. of a sample of milk weigh 61°4 grams. Find the relative 
nsity of the milk. 

_ 5. One litre of a certain liquid weighs 1 kilogram. What is the 
uid probably ? 

6. Find the volume of 1 gram of mercury: relative density of 
reury = 13°5. 

7. Find the volume of 1000 grams of olive oil: relative density of 
live oil = 0°9. 

8. Find the volume of 1 gram of alcohol: relative density of alcohol 
0°80. 

_ g. Find the volume occupied by 51°3 grams of sea-water : relative 
lensity of sea-water = 1°026. ~ 

_ to. Find the volume occupied ‘by 31°5 grams of glycerine: relative 
¥ density of glycerine = 1°26. 


(4) 
[Answers to 4 stgnificant figures. | 


11. Two beakers are placed one on each pan of a balance, and shot 
ire added until the beam swings evenly. Then 5 c.c. of mercury are 
aced in one beaker, and it is found that 67°5 c.c. of water have to be 
ded to the other beaker to restore the balance. Calculate the density 
mercury relative to water, and the density of water relative to 


12. A pipette contains 30°86 grams of spirits of relative ck 0°81. 

t is the volume of the pipette ? 

13. What weight of sulphuric acid of relative density 1°86 will the 

me pipette contain ? 

. 20 c.c. of a liquid A of relative density 1 are added to 20 c.c. 
liquid B of relative density 0°81. What is the weight of the 


ferred to in Ex. 14 measures only 38°5 c.c., owing 
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to contraction having taken place. What is the relative density of the 
mixture ? 

16. A flask weighs 25 grams when empty, 125 grams when full of 
distilled water, and 127°6 when full of sea-water. Find the relative 
density of the sea-water. 

17. How many c.c. of sulphuric acid (1°85) must be measured out to 
obtain I11 grams of it ? 

18. Alcohol (°8) and sulphuric acid (1°85) are to be mixed in the 
proportion 1 : 3 by weight. What volume of alcohol should be taken 
with 200 c.c. of acid ? 

19. A salt solution has the relative density 1°025 ; how many c.c. of 
water must be added to 1 litre of it to reduce its relative density to 17020? 

20. Find the relative density of a mixture of 100 c.c. water with 
100 c.c. spirits of relative density 0°81, assuming that the liquids 
contract by 2 per cent. of their original volumes on mixing. 

21. A 200 c.c. flask weighs 300 grams when full of water. What 
will it weigh when full of mercury (13°5) ? 

22. A bottle weighs 20 grams. Full of water at 4° C. it weighs 
70 grams. When filled with water at 65° C. it only weighs 69 grams. 
Find the relative density of the hot water. 

23. A tube 30 cm. long weighs 15 grams when empty, and 96 grams 
full of mercury (13°5). Find in sq. mm. the area of the cross section 
of the tube. 


Il. THE RELATIVE DENSITIES OF SOLIDS 


All that has been said of liquids, as regards the differences in 
density which are found to exist, is of course true also of solids. 
Although it would appear at first sight more difficult to measure 
the relative densities of solids, there are several ways in which 
it can be carried out. Remember that it is required to compare 
the weight of a solid with the weight of an equal volume of 
water. How can we find the weight of an equal volume of 
water ? ; 


(A) FIRST METHOD: REGULAR SOINDS 


We can easily determine the volume of most *egu/ar solids, 
e.g. cubes, cylinders, or spheres, by direct measurement and a 
simple calculation. 

Expr. 2. To find the Relative Density of a Rect- 
angular Oak Block.—The volume is readily calculated from 
the length, breadth, and height of the block. Measure each of 
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these accurately in cm. and decimal. Also weigh the block. 
Enter measurements thus :— 


length = 5°0 cm. 
breadth = 5‘0cm. 
height = 2°5 cm. 
.*. volume of block = 5x5 x 2'5 c.c. 
= 62°5 c.c. 
.*. weight of an equal volume of water = 62°5 gm. 
Also, weight of block = 48°16 gm. 
48°16 
'Ga55. 
= 0°77. 


Hence, relative density of the oak = 


Expt. 3. To find the Relative Density of a Copper 
Cylinder.—Volume of a cylinder = (radius)? x ms x height. 


Measure the diameter and height of the cylinder in cm. and 


decimal. Then :— 

height = 3°78 cm. 
diameter = 1°56 cm. 
.*. radius = 0°78 cm. 


.°.area of circular end = (0°78)? x = sq. cm. 


*, volume of cylinder = (0°78)’ x 7% 3°78. 6.Gi 
= 9°26 6, 


.*. weight of an equal volume of water = 7°26 gm. 
Also, weight of cylinder = 64°54 gm. 

64°54 
7°26 
¥ = 8'88. 


’ 


Hence, relative density of copper cylinder = 


EXERCISES 


Find the relative density of— 
(1) cubes or rectangular blocks of different hard woods. 
(2) an iron or brass cylinder. 
(3) a box-wood ball or a large glass marble. 


[Volume of sphere = > 7 x (radius)*, | 
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How can we find the volume of a number of glass stoppers, of 
leaden shot, a heap of sand, or a bundle of steel screws? We — 
shall describe three methods which may be followed in one case _ 
or another. 


(B) SECOND METHOD: USE OF A MEASURING 
JAR 


Expt. 4. To find the Relative Density of some 
Glass Stoppers.—Weigh a few glass stoppers. How can 
their volume be found? They are too irregular for it to be 
‘found by mensuration. But we can find how much water the 
stoppers can displace in a measuring jar. Choose a measuring _ 
jar, the narrowest into which the stoppers will easily slide. 
Partly fill the jar with water, and read the level. Carefully slide 
in the stoppers. The level rises. Read again. Thus :— 


pveight of StORIEIE............:<s-c.senee = 80°5 gm. 
Volume of water, stoppers outside ...= 100 c.c. 
see ‘9 inside... 132"5 Cay 
24-VOlume Of StOppers .............nneeee ss 32°5 C.G. 
.". Weight of an equal volume of water...= 32°5 gm. 
Hence, relative density of the glass stoppers = = 
= 2°47. 


With what kinds of solids could this method not be used ? 


EXERCISES 


Using a 100 c.c. measuring jar, find the relative densities of — 


(1) five glass marbles. 

(2) fragments of slate pencil. : 
(3) lumps of marble. 

(4) a copper cylinder. 

(5) sand. 

(6) a lump of aluminium. 
(7) a cork.? 

(8) a lump of beeswax, or of paraffin wax. 


1 Use a “sinker” which may be attached to the light solid by a piece of cotton. Pe 
An old brass weight or a glass stopper will serve, ic 


as a lg — 
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EXAMPLES IX 


Relative Densities of Solids. 


___I. Find the relative densities of the following metals, given :— 


(1) a litre of copper weighs 8950 grams. 
(2) 75 c.c. of zine weigh 540 grams. 

(3) 676 c.c. of cork weigh 169 grams. 

(4) 300 c c. of lead weigh 3°42 kilograms, 


2. A rectangular block of marble measures 24 cm. long, 16 cm. broad, 
_ and 10 cm. in height, and it weighs 10°368 kilograms. Find its relative: 
a density. 

_ 3. Acube of wood measures 8 cm. along each edge, and its weight 
is 307°2 grams. Find its relative density. 

4. Solids, weighing 10, 15, 20 grams respectively, were placed succes- 
sively in a graduated cylinder partly filled with water, the surface of which 
d 95 c.c. originally. When the first was added, the water rose to 
99 c.c., when the second was added, it rose to 106 c.c., and when the 
third was added to 108 c.c._ Find the relative densities of the solids. 

_ 5. A brass chain weighs 96 grams. When lowered into a measuring 
a jar already containing 100 c.c. of water, it raises the water level to 
_ Ii2¢c.c. Find its relative density. 

6. A dozen shot, made from lead, of relative density 11°4, raise the 
evel of water in a measuring jar from 98 c.c. to 122 c.c. Find the 
ight of each shot. 

7. A shilling weighs 87 grains, and has the relative density 10°4. 
What would be the weight of a platinum coin (21°5) of the same size? 
8. Find the value of 1 c.c. of silver (relative density 10°5), when 
ver is worth 2s. 6d. per oz. Reckon 28 grams = I oz. 

9g. If 1000 oz. of water fill 1 cubic foot, and cast-iron is 7°2 times as, 
avy as water, find the weight of an iron block 4 in. long, 3 in. broad, 
and J in. high. 

to. Find the volume of 1 cm. length of platinum wire (relative 
_ density 21-5), supposing a piece 1 metre long to weigh 2°15 grams. 


C)* THIRD METHOD: FRAGMENTARY SOLIDS 


The volume of a solid cannot be determined to the tenth of 
by means of a measuring jar. But by means of a balance 
y = water to a centigram, that is, to the hundredth of 


* 
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a cubic centimetre. Instead of noticing the rise of level in a 
measuring jar, we may find the loss of weight by overflow where 
fragments of a solid are put in a relative density flask full of 
water. 

Expt. 5. To find the Relative Density of White 
Sand.—Weigh a dry relative density flask. Introduce some 
sand, so that the flask is about one-third full. Weigh again. 
Nearly fill the flask with water, shake gently so as to dislodge 
air bubbles ; allow the sand to settle, and then carefully fill the 
flask with water, and introduce the stopper. Weigh again. 


SS 
SAver 


Z 
Y 
; 
Y 
Z 
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ESS 


Lastly, wash the sand out of the flask, and weigh it filled with 
water alone. 

Then calculate the weights represented in Fig. 29, 1, 11, and 
Ill. 


Example :— 

WE CINC OL TASK ee ss ius ave gull open gm. 

[ Weight of flask + sand He ae tae ae 
Weight of flask + sand + water, zvstde ... = 45°37" 
Wrernut of flask and water... co nc 30°56 = 

Calculation :— : 
aru Or NOS > 4a 8 Se 14°80° ,, 
Weight of flask + sand ot ae dae — oun ae 

+ Weight of sated... G.c sc ME a ea 

Again— 

Weight of flask + water 44. cai i 4 39°80 gm. 
-". Weight of flask + water + sand, ontside .. = 39°80 + 9°04 


= 48°84 gm. (ii.) 


Weight of flask + water + sand, zuside ... 


.*. Weight of water overflowing to make room 
for thesand.... .... ... = 48°84 - 45°37 


45°37 gm. (iii.) 


3°47 9 
_ Weight of sand 
~ Weight of overflow 
9°04 
3°47 
2'60 


.*. Relative density of sand ... 


EXERCISES 
_ Find the relative density of— 


(1) powdered glass. 

(2) lead shot. 

(3) powdered antimony. 
(4) powdered galena. 


EXAMPLES X 


Relative Densities of Solids 


1. Find the relative density of sand from the following weights :— 
_ Flask, 25 grams. Flask + sand, 35 grams. Flask + sand, filled up 
ith water, 56 grams. Flask filled with water, 50 grams. 


2. Find the relative density of a powder from the following 
eights :—Flask, 25 grams. Flask filled with water, 50 grams. 
‘Flask + powder, 40 grams. Flask + powder filled up with water, 
63 grams. 

3. A 100 c.c. flask filled with water to the mark weighs 125 grams. 
n 57 grams of lead are added, and the water is again adjusted to the 
mark, it weighs 177 grams. Find the relative density of lead. 

4 A 100 c.c. flask weighs 25 grams when empty. What will it 
_ weigh wher 30 grams of powdered glass (relative density 3°0) are placed 
- inside, and water is filled in up to the mark? 


(D) FOURTH METHOD. 


Principle of Archimedes.—There is another method of 
mining the relative densities of solids, which depends upon 
telighy about 220 B.C. By the philosopher Archimedes 
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of Syracuse. It is said that Hiero, King of Syracuse, sent a = 


lump of gold to a goldsmith’s to be made into a crown. When 
the crown was delivered he suspected that, though of the right 
weight, it contained nevertheless an undue proportion of silver. 
So Archimedes was asked to find out the truth of the matter. 
Turning the matter over in his mind, it is said that he went to 
have a bath, and noticing the rise of the water he jumped out in 
great excitement, and ran naked through the streets of the city, 
crying, “ Eureka, Eureka, I have ~ 
discovered it!” But suppose we 
make the following experiment. 

ExpT. 6. To try whether a 
Solid weighs the same in 
Water as in Air.—(1) Suspend 
a block of aluminium, or some 
other object, from a t1oo-gram 
spring balance, and read its weight 
in air. Then allow the block to 
sink below the surface of water in 
a tumbler, and again read the 
balance (Fig. 30). Is not the 
weight of the block in water much 
less than its weight in air? The 
water clearly supports part of the 
weight of the block. 

Similarly, weigh both in air and 
in water an empty glass bottle and 
a block of wood. These have no 
weight in water, or rather the whole 
of their weight is supported by the 
water, and therefore they /loa/. 

(2) Let us next make an experiment which will show a ton- 
nection between the loss in weight of a solid immersed in a 
liquid and the volume of the solid. Hang up a pair of hand scales. 

Take a brass cylinder which fits exactly into a bucket. Suspend ~ 
the bucket under one pan of the scales, with the cylinder hang- 
ing underneath the bucket, and within an empty beaker as shown 
in Fig. 31, and weigh the whole. Then add water to the beaker 
until the cylinder is completely immersed. There is equili- ia 
brium no longer. Pour water carefully into the bucket, so as 


* 


‘ 


ENSITIES OF SOLIDS AND LIQUIDS 61 

estore equilibrium, taking care that the cylinder is still 

pletely immersed and not touching the beaker. How much 

ter have you to add? At the moment when the bucket is 

ed up to the brim equilibrium is restored. So the cylinder 

hen immersed in water lost a weight which was equal to the 

ight of water which occupied the same volume. The experi- 

t might be repeated, using turpentine or a salt solution or some 
liquid in place of water. This experiment has verified a 

t which is usually called The Principle of Archimedes, 

: A solid when immersed 

in a liquid loses a weight 

which is equal to the weight 

of the liquid which would 

occupy the same volume. 

This is of great importance. For 

tance, it follows that if a block 

of aluminium, which in air weighs 

95 grams, weighs only 60 grams in 

water, z.¢. the loss of weight is 35 

ims, the volume of the block 

st be 35 c.c. We can, in fact, 

dily find the volume of any 

id which can be weighed in 

er. 

The Principle of Archimedes 

rds, therefore, a ready method FIG. 31. 

determining the relative den- 


of any solid which can be suspended and weighed in 


PT. 7. To find the Relative Density of a Glass 
opper.—Suspend a solid glass stopper by a thread above 
left-hand pan of the balance (Fig. 32). Place a wooden 
‘idge across the pan. Place a beaker on the bridge so that 
Stopper’ hangs freely within the beaker. W eigh the stopper. 
r water carefully into the beaker until the stopper is com- 
immersed, and remove any air bubbles which cling to 
: Stopper with a camel’s hair brush, Weigh it again. Thus 
experiment :— 
_ Weight of glass stopper in air 
Weight of glass stopper in water 


~~ 


sn met 15 gm. 
cory. laut 
hall 
ye pee 
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Hence, loss in weight of glass stopper... ... = 6 gm. 
= 6 


or, weight of an equal volume of water . 


*. Relative density of glass stopper = 2 
= 2'5. 
It is clear that the last ¢ivee methods for determining the 


relative densities of solids cannot be applied directly in the case 
of one such as cork, which is lighter than water, or to another 


such as sugar, which will dissolve in water. The student is 
referred to other text-books for the special methods required in 
such cases. 


Relative Densities of some Common Substances.— 


ee | ee ee 
SS: / AL a 
Ice yee ee Iron (cast) ... *... 72 
White sand . ree) Brass — 
fees. a a BF Coppin... ... 
Aluminium ... ... 2°7 | Silver ... .. 10°5 
Glass (crown) ...  2°§ to 3°1 | Lead ws 
DT... ne OD GoM ae i... ... Te 
The Earth .. ... 5°5 | Platinum 2i-k 


Agommony ... ... 69 


EXERCISES 
d the relative density of— 


(1) a solid glass stopper. 

(2) a lump of marble. 

(3) a lump of sulphur. 

(4) a copper cylinder. 

(5) a brass cylinder. 

(6) a lump of aluminium. 

(7) an iron nut, screw, or bolt, or cylinder. 


EXAMPLES XI 
i Relative Densities of Solids 


1. A gold coin weighs 12°25 grams in air, and 11° 55 grams in water. 

nd its relative density. ; 

A lump of marble weighs 20°76 grams in air, and 13°14 grams in 
Find its relative density. 

lump of sulphur weighs 26:1 grams in air, and 13°07 grams in 
What is its relative density ? ; 

. The volume of a glass stopper is 5°77 c.c., and its weight in air 

[3grams. Find its relative density. 

A metal cylinder weighs 64°65 grams in air, and §7°4 grams in 
_ Of what metal does it probably consist ? 


a silver coin weighs 41°6 grams, and has the relative density 
t will it weigh in water ? 


density 72). 
a glass stopper weighs 24 grams in air, and 16 grams in spirits 
¢ density ‘8, find the relative density of the glass. 
ass stopper weighs 30 grams in air, 17°5 grams in water, and 
grams in spirits. Find the relative density of the spirits. 
Find the relative density of a mixture of 100 c.c. lead (11°4) and 
¢. tin (73), assuming that they mix without contraction, 


| the loss of weight in water of a 56 Ib. cast-iron weight is | 


fy 


CHAPTER VII 
THE MEASUREMENT OF THE PRESSURE OF THE AIR 


The Existence of the Air.—We have no difficulty in 
realising the existence of solids and liquids around us. It is 
different with the air, and at first it is difficult to believe that 
there is an invisible substance surrounding us on every hand. 
Yet the existence of something invisible is at least suggested 
by the draught from an open window or door, or by waving 
corn and swaying branches. 

Expt. 1. To show that an ‘‘ Empty” Bottle contains 


Air.-—Take an empty bottle and force it mouth downwards into _ 4 


FIG;. 33: Fic. 3a 


water. Notice that the water does not fill the bottle, shqwing 


that the bottle must contain something which opposes the 
entrance of the water. Then tilt the bottle, and ‘notice that 
bubbles escape up through the water, and that only then does 
the water enter the bottle (Figs. 33 and 34). 

Such facts help us to realise that we live in an ocean of air, 
which extends in all probability to a distance of at least 200 
miles from the earth. This envelope of air around the earth is 
called the atmosphere. 


MEASUREMENT ‘TOF | 


are aware of the pressure of the air in a strong wind, but 

oom in which the air is at rest we are not conscious of any 

sure. 

_ Expr. 2. To show that Air is exerting a Pressure 

eV ven when we cannot feel it.—Bend a glass tube as in 

Fi . 35. Pour in some coloured water. The water stands at 

Bi cely the same height in both arms. Why? If we attach a 

piece of rubber-tubing to the arm A B, and suck out some of 

ne air from that arm, what may Gicur? Try. The water 

in the arm A B, and 

‘in the other, as repre- 

sented in Fig. 36. Secondly, 

low ina little air. The water 

falls in the one arm, and rise; 

n the other. 

The rise and fall of the 

er in the arm A B shows 

the air was originally 

¥ a pressure equally . 

the surface of the 

in both arms and that 

the pressure of the air in 
B was diminished when 

as sucked out, and in- 

sed when air was blown 


B 


Fic. 35. Fic. 36. 


2 3.—Place one end of a frfette below the surface of 
vater. Apply the mouth at the other end, and suck 
_ As the air is gradually inhaled, the water rises in the 


suggests that the air is exerting a pressure on the 
of the water outside the pipette, so that the water is 
d up the tube as soon as the air is partially removed from 
iside, and when the pressure there is consequently 
e action of a syringe or that of a suction-pump can now be 
‘stood to depend upon the pressure which the air exerts 
T kp of a liquid. 
+ 4.—T ke a tumbler, or, better still, a gas jar with a 
Ige, anc d plunge it into water so that it 4g completely 


PY en) a ne We ale” _ 
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filled. - fcallbaend against themouth. Careful 
lift the vessel out of the water, mouth downwards. Note that 
the cardboard remains over the mouth. Why? Clearly it 
held there by some pressure greater than the weight of t 
water within the tumbler (see Fig. 37). ae 
Expt. 5.—Fit a thistle-funnel in one end of a piece of — 
thick rubber pump-tubing. Fix the other end to an ae : 
pump. Moisten the palm of the hand, and press the mout 
of the funnel against it. Then proceed to exhaust the ; 
from the ny. Observe that the funnel is pressed fin mn 


remove it. 
It is clear, therefore, that the air even when quite still 3 
exerting pressure, and the fact that no force may be felt uj 
the extended hand arises in the first place from the pressure 
being exerted above and below 
it equally. Then why is” th 
hand not squeezed flat? 
cause there is an internal pi 
sure of the blood in the 
and arteries and other 
within the body, greater t 
that of the atmosphere. 
Repeat Expt. 5, applying 
mouth of the funnel to the che 
As soon as the pressure of 
air within the funnel is dir 
ished, the pressure within the 
cheek causes the flesh to swe 
outwards, while the funnel 
pressed by the air outside against the cheek. 
The Pressure of the Air is due to the Fact that. Ai 
has Weight.—We are not conscious of the air havin ga 
weight, but by the following experiment we can readil ly she 
that it can be weighed. ois 
Expt. 6. To show that the Air has Weight. _Tak 
round-bottomed flask and fit it with a one-holed rubber ste 
through which is passed a short glass tube fitted with a piece « 
rubber tubing and a clip, or, better, with a glass tap es 
Suspend the flask by a string from one arm of a anc 
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it. Then, leaving the weights on the pan, remove the 
nd exhaust some of the air by means of an air-syringe. 
n suspend the flask on the balance, and observe that it is 
‘lighter than the weights. Lastly open the tap: air is heard 
hing into the flask, and it is then found to have regained its 
‘iginal weight. : 
___ It is clear therefore that the air has weight. As a matter of 
fact 1 litre of air weighs only 1°2 gram. But just as the weight 
of one eider-down quilt may be scarcely felt, yet many of them 
_ one above the other would be very oppressive, so, extending as 
_ the air does to a distance of at least 200 miles from the surface 
_ of the earth, it may be understood that 
the very considerable pressure of the air 
at the surface of the earth is due to the 
t that the air has weight, slight though 
be. 
orricelli, an Italian physicist, first 
wed in 1643 in the following way how 
neasure the pressure which the air is 
lyS exerting. 
pT. 7. To measure the Pres- 
of the Air.—Take a thick-walled 
tube about 4 mm. internal diameter, 
em. in length. Seal one end in 
low-pipe flame. Holding the open 
pwards, almost fill the tube by 
g clean dry mercury’ into it through Fic. 38. 
lfunnel. Gently tap the tube so as 
air bubbles. Pass a bubble the length of the tube 
weep out smaller bubbles. Fill the tube completely 
lercury. Close the open end firmly with the thumb, and 
sthe tube in a mortar containing mercury (Fig. 39). 
vercury sinks in the tube, leaving a clear space A B 
i top of the tube. Tilt the tube: if the mercury does 
se completely to the top, some air bubbles have not been 
ved ; these must then be displaced by inverting the tube 
, and gently tapping. Measure the length of the mercurial 
above the level of the mercury in the mortar. It is 
76 cm., or 30 inches. From the way in which the tube 
: 4 On Management of Mercury, see Appendix, Vol. II. 
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was set up it seems impossible that the space A B can contain 
any air. 

Let us repeat Expt. 7 in another form. 

Expt. 8.—Take a thick-walled glass tube about 90 cm: long, 
closed at one end, and fix a piece of thick rubber tubing about 6 
inches long upon the open end. 
Fix a short glass tube open at 
both ends into the free end of 
the rubber tube. Resting the 
closed end upon the _ bench, 
carefully pour mercury into the 
apparatus until it reaches half 
way up the short tube. Sweep 
out air bubbles as before. Then 
fix the apparatus upon a board 
as shown in Fig. 40. 

The level of the mercury in 
the closed arm is again about 
30 inches above that in the 
open arm. If Expts. 7 and 8 
were repeated with wider or 
longer tubes, the length of the 
mercurial column would still be 
found to be about 30 inches or 
760 mm. 

Expt. 9. To show that 
A B is a Vacuum.—(1) 
Tilt the tube used in Expt. 7 
gradually, keeping the unsealed 
end still below the mercury in 
the mortar. The mercury rises 
in the tube, and finally com- 
pletely fills it (Fig. 41). 

(2) Pour some water above the mercury in the mortar. 
Raise the tube carefully so that the open end C lies in the water. 
The mercury at once runs down, and water not only takes its 
place, but completely fills the tube. 

It is evident, therefore, that the space A B is free from air. 
After the author of the experiment this space is usually called 
the Torricellian vacuum. 


ee ee ee 
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From this and the former experiments it appears that the 
column of mercury B C must be supported by the pressure of 
the air on the mercury in the mortar. 


Fic. 40. 


So also it appears that in Expt. 8 the column of 
mercury in the closed arm must be supported by 
the pressure of the air on the mercury in the short 
open arm. 

Expr. to. To show that the Length of 
the Mercurial Column varies with the 
Pressure of the Air.—(1) Connect an exhaust- 
ing air-syringe by thick rubber tubing to the short 
open arm of the 
apparatus used in 
Expt. 8. Exhaust 
some of the air 
from the short 
arm : the mercury 
immediately falls 
several inches in 
the other arm. Re- 
admit air: the 
mercury rises to 
its former level. 

(2) Connect an 
air condenser in 
the same way with 
the open end. 7 
Gently force a lit- Fic. 4r. 
tle air into the 
short arm: the mercury is forced right up to the 
top of the closed arm. 

Robert Boyle, who invented the air-pump, 
placed the whole apparatus used in Expt. 7 within 
the receiver of the air-pump. He found to his 
delight that the mercury fell further and further in 
the tube as the air was gradually exhausted, until 
it was only an inch or two above the level of the 


‘mercury outside. On re-admitting air into the receiver, he 
_ found that the mercury rose to its original level in the tube. 
It is evident, therefore, that the height of the mercury in 
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the tube above the level outside is a measure of 
the pressure of the air. The instrument was called by 
Robert Boyle a barometer,! and ever since his time it has 
been in use for this purpose. 

Variations in the Atmospheric Pressure.—If we 
imagine the earth to be enclosed in a vast ocean of air, we 
should expect the pressure of the air to become less and less 
as we ascend above sea-level, and this should be made evident 
by our barometer. It was shown to be so by Périer in 1648. 
He ascended the Puy-de-Déme, in the Auvergne Mountains of 
France, and found that the mercury fell about 3 inches. The 
barometer even shows that in the course of any railway journey 
there are variations in the atmospheric pressure according to 
the height above sea-level. 

Further, at any one place, for example at Manchester, the 
barometer shows that variations occur from time to time in the 
atmospheric pressure. These variations arise from the move- 
ments which are continually taking place in our atmosphere, 1 in- 
cluding changes in the amount of moisture present in the air. 
Other things being equal, moist air is not so heavy as dry air : 
this may appear strange, and it will probably not be understood 
till later. Sometimes in a storm the height of the barometer will 
change by as much as 1 inch within 24 hours. 

In the West Indies there are frequently very violent storms, 
during which the height of the barometer will vary far more 
rapidly than is the case in the British Isles. For instance, at 
St. Vincent on September 8, 1898, the barometer stood at To a.m. 
at 29°54 inches, and the wind was blowing strongly from the 
north-east. The wind then veered rapidly round, and by 11 a.m. 
a hurricane was blowing from the west, powerful enough to uproot 


the largest trees, and at 11.40 the barometer had fallen in 100 © 


minutes more than 1 inch, down to 28°51 inches. The wind 
then died away, and there was a dead calm for three-quarters of 
an hour, and during this time the barometer was quite steady. 
At 12.25 p.m. the wind began again from the south, and by 
3-0 p.m. the barometer had risen to 29°53 inches. During the 
day it also rained in torrents : between 9 a.m. and noon actually 
4°9 inches of rain fell. 

Note.—-At this point, pp. 170-7 of Chapter XVIII. may be 


1 Greek: daros, weight, and mtefron, a measure, 
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hich is ents seen hung up in houses, contains a boo 
fa. kind shown in Fig. 40. On the mercury in the short arm 

s a little float, which will rise or fall as the level of the mer- 
alters. This float is connected by a string which passes 


Fic. 428. 


r a wheel with a weight, which is slightly lighter than itself. 
ratus, as seen from the back, is shown in Fig. 42B. To 
wheel is fixed a long needle, which is to be seen on the face 

apparatus. The motion of the float will clearly cause the 
and also the needle to turn round. Numbers are engraved 
: face of bona circle round which the needle can move, 
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the mercury in the tube. The words rain, change, fair, etc., 
are also engraved upon the circle. . 

The Standard Atmospheric Pressure.—The average 
pressure, however, at any place on the sea-level is represented 
by about 30 inches or '760 mm. of mercury. It is cus- 
tomary, moreover, to regard the pressure which is measured by 
760 mm. of mercury as the standard atmospheric pressure. In 
other words, the pressure exerted 
by a column of mercury 760 mm. 
in length is called a pressure of 
one atmosphere. 

It is useful to remember that this 
pressure is about 14°7 Ibs. weight 
upon every square inch, or 10336 
grams weight upon every square 
centimetre. 

A Water Barometer.—How 
long a column of water could be 
supported by the pressure of the 
air? We must find out how long 
a column of water would exert the 
same pressure as a column of mer- 
cury 30 inches in length. 

Expt. 11. To find out how 
many inches of Water will 

Fic. 43. Fic. 438. balance 1 inch of Mercury.— 

Bend a long glass tube into the 
form of a U, and fix it vertically. Pour a little mercury down 
one arm, so as to fill the bend and rise about 2 inches up the 
arms ; it stands at the same level in both arms (Fig. 434). 
Then incline the tube, and introduce water by means of a 
pipette into one arm, so that the column of water is between 
13 and 14 inches in length. Fix the tube vertically again. 
Measure CD, the length of the water column (Fig. 438): 
it is, say, 136 inches. What balances this column of 
water? The short column of mercury EF aéove the 
level of the mercury in the other arm. Measure EF: it is 
1 inch. 

Thus a column of mercury 1 inch in length exerts the same 
pressure as that produced by a column of water 13°6 inches long. 
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Hence, a column of mercury 30 inches long will exert the same 
pressure as that produced by a column of water 132 *% 3 a 3° 
or 34 feet long. The tube of a water barometer must, therefore, 
be more than 34 feet in length. 

Glycerine has occasionally been used as the liquid in a baro- 
meter : the tube must be more than 27 feet in length. 

It is clear that in a water or glycerine barometer variations in 
height caused by the changes in the atmospheric pressure will 
be much greater and more evident than in a mercury barometer. 


EXERCISES 


1. Attach a U-tube containing water by means of a rubber tube 
to the coal-gas supply. What do you observe? Can the pressure 
of the gas be measured ? 

2. Find how many inches of glycerine will balance 1 inch of 
mercury. 


CHAPTER VIII 
FITTING UP APPARATUS 


NOTHING is more frequently needed in any laboratory! than 
some source of heat. If a chemist had no fire or flame at his 


service, he would be able to do very little. The alchemists 
generally used some form of furnace. In quite modern times 2 
coal gas has come into common use, and is supplied in every 
laboratory. Is an ordinary bright coal gas flame suitable for 
laboratory purposes ? 

Hold a piece of white cardboard for a few moments across 
a bright gas flame. It becomes very sooty. If, then, a glass 
vessel were heated in such a flame, it would quickly become 
coated with soot, and it would be difficult to watch the progress 
of what might be going on inside it. But it is frequently most 
important to be able to see the contents of a vessel. Con- 
sequently, a bright coal gas flame is not a satisfactory source 
of heat, and it would be a very great gain to have a flame which 
would not deposit a black curtain of soot upon any vessel heated 
by it. A burner which would give such a flame was devised by 
Robert Wilhelm Bunsen, Professor of Chemistry in the Univer- 
sity of Heidelberg. A great teacher and a famous investigator, 
he died in 1899, at the ripe age of 88 years. 

The Bunsen Burner.—If air be allowed to mix with coal 
gas before it is burnt, a blue flame hotter and smaller than the 
ordinary luminous gas flame results. Examine a Bunsen 
burner. At the bottom of the tube A (Fig. 44) is a collar B. 
Oval windows or holes are pierced in the tube and in the collar. 


1 See Appendix on Laboratory Fittings, and Lists of Apparatus and Chemicals. 
2 The streets of London were first lighted with coal gas in 1812. 
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_ Either the tube or the collar can rotate so that these windows 
can be set opposite to each other, admitting air or alternately 

— excluding air. 
(1) Close the holes. Light the gas. The flame is yellow. 
Bring a piece of white cardboard into the flame ; it becomes sooty. 
(2) Open the holes. The flame becomes blue. Hold a piece 
of cardboard in it. It becomes brown and singed, but not 
sooty. Hold a match 
across the flame about 
one inch above the tube. 
The wood is burnt in two 
places, showing that there 
is an inner cooler region. 
Try whether you can in- 
troduce a match head 
into the middle of the 
flame without lighting it. 
Is the blue flame hotter 
than the yellow flame? 
Yes. Does closing the 
windows make any differ- 
ence to the steadiness of 
the flame? Yes, the yel- 
low flame is taller, and 
much less steady. 
(3) Light the burner 
with a blue flame. The 
tube contains a mixture 
of gas and air. Press Fic. 44. 
gently upon the rubber 
gas supply tube, making the flame smaller and smaller. Suddenly 
the flame will shoot down the tube, and it will be seen burning 
below. Notice the curious smell. Light the burner at the top. 
The flame is yellow, although the holes are open. Any attempt 
_ to turn the tube will now lead to burnt fingers, since the inner 
_ flame makes the tube very hot. It is better to turn the gas out, 
and then light it again. 
_ When a very small flame is required, the supply of air should 
be reduced as well as the coal gas. 

a is useful to the chemist on account of (1) its trans- 
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parency, (2) the ease with which it can be worked into any 
shape when hot and plastic, (3) its not being attacked by most 
chemicals. Its disadvantage is its brittleness. It is particu- 
larly liable to break on heating, because it is a bad conductor of 
heat, and therefore one part of the glass expands on being heated 
before neighbouring parts become warm. 

To Illustrate the Liability of Glass to Crack when 
Heated.—(1) Heat one end of a thick, hard glass tube in the 
flame of the foot-blowpipe. The glass cracks before the fingers 
feel the heat. 

(2) Warm another piece of glass tube very gradually. Then 
pour cold water on it. It cracks. 

(3) Fill a test-tube one-third full of water. Hold it in the 
flame so that the flame plays on the glass near the water line. 
The tube cracks. 

To Boil Water in a Glass Vessel.—(1) Try again to 
warm water in a test-tube, as follows. Bend a doubled strip of 
paper back on itself round the upper part of the tube, and hold 
the tube by the paper. Let the flame play on the bottom of the 
test-tube. Shake the tube gently so as to keep the water dancing 
up and down the sides of the tube, and 
so warm them gradually. The water 
boils without accident. 

(2) Place a piece of iron wire gauze 
on a tripod-stand, or on a ring of a 
retort stand. Place a glass beaker or 
flask containing 50 c.c. water on the 
gauze. Put a Bunsen flame under 
the gauze. The gauze distributes the 
heat over the bottom of the vessel, 
and the water can be heated until it 

Fic. 45. boils without accident. : 

(3) Place a little sand in an iron 
tray, and put the tray upon a tripod-stand (Fig. 45). Place a 
beaker containing 50 c.c. water upon the sand, and heat the tray 
with a Bunsen burner. The heat is distributed by the sand, so 
that the beaker can be heated safely until the water boils. 
Observe that the water heated over wire gauze boils in much 
less time than that heated on the sand. 

The tray containing the sand is called a sand-bath. 
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To Make a Wash-Bottle 


It will generally be possible to fit up for ourselves the ap- 
paratus required for our experiments. We shall require glass 
flasks, corks, glass tubing, and india-rubber tubing, and some 
knowledge of how to use them. 

Suppose we learn in the first place how to make the apparatus 
shown in Fig. 46. This is called a wash-dbottle. It is useful 
for sending a stream of water in any desired direction. By 
blowing at da jet of water 
spurts from c¢, and the 
india-rubber connection @ 
allows of the water being 
sent in any direction. We 
shall require an 8-oz. flask, 
a cork, about 50cm. of glass 
tubing, and a small piece of 
rubber tubing. 

The cork (wooden) select- 
ed must be just too large 
to fit into the mouth of the 
flask. It can be made to 
fit the neck by rolling and 
squeezing it under the foot. 
Begin gently, turning it 
round and round, and press 
harder and harder. The 
cork now fits well into 
the neck of the flask, and 
being somewhat elastic 
presses tightly against the Fic. 46. 
glass all round. 

An india-rubber stopper may be used instead. It should fit 
the mouth easily, since it will be enlarged when the glass tubes 
are passed through it. 

To bore a Cork.—(1) A hollow brass tube sharpened at 
one end may be used, called a cork-borer. Choose one a little 
narrower than the glass tubes which are to go through the cork. 
At the narrow end of the cork put marks where the holes are to 
be made. Stand the cork on the table, narrow end up. Keep the 
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borer carefully upright. Drive it gently into the cork with a 
screw motion, half a turn at a time, pausing to see that it keeps 
upright. Along with a set of cork-borers is supplied a little 
solid brass rod, which can be used both to press the core of cork 
out of the borer and as a handle to turn the borer round. (The 
borers will require sharpening periodically.) 

(2) Or, heat the end of a rat-tail file in a flame. Drive it 
gently through the cork. Enlarge the hole with the file, but 
take care that this is done evenly, so that the hole remains 
round. It should not be made so large that the tube fits loosely 
into the hole. 

To cut Glass Tubes.—Take a sharp triangular file. Make 
a nick in the glass tube about 15 cm. from one end. Hold the 
tube in both hands. The two forefingers should be together 


FIG. 47. 


immediately underneath the nick. The two thumbs are above. 
Turn the wrists outwards and downwards, round the forefingers 
as axes, at the same time pulling the hands apart (Fig. 47). 
The glass cracks clean across. 

To bend Glass Tubing.—Hold a piece of glass tubing 
lengthwise along a fla¢ gas flame, as shown in Fig. 48 (fishtail 
or batswing, not the Bunsen flame). Keep it moving slowly 
round and round, and also to and fro. As soon as it feels slightly 
soft, hold it by one hand alone, and cease rotating it. The free 
end will gradually fall (Fig. 49). As soon as it is bent to the 
required angle, remove it from the flame. A considerable length 
has been evenly heated, and a smooth bend has resulted. Now 
cut two lengths of 15 cm. and 25 cm., and bend them at angles 
of 135° and 45° respectively, as shown in Fig. 46. 
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_ Mistakes to avoid in bending Glass.—(1) Hold a piece 
of glass tubing across the blue Bunsen flame. It becomes hot 


Fic. 49. 


in two places. When soft, bend it. The glass is found bent in — 
two places. (2) Hold a piece of glass tubing across an ordinary 
flat gas flame. The tube is heated this time in one place. 
_ Bend it. The tube is flattened on the outside of the bend and 
thickened on the inside. When cold, try to bend the tube. It} 
snaps easily at the bend. : 

To round the Ends of Glass Tubing.—The sharp edges 
left at the ends of the glass tubing must be rounded, otherwise 
the tubes will not slide easily through corks, and are apt to cut 
any rubber tubes that are slipped over them. Round the ends 
of the tubes just made—(a) by grinding the sharp edge on a file 
or on a stone floor, (4) by holding the end in the edge of the blue 
flame, at a point about two-thirds up the flame, as shown in 
Fig. 53, until the glass just melts at its edges. 

To draw out Glass Tubing.— 

(1) Holding a piece of glass tube in both hands, heat it at 
one place in the d/we Bunsen flame. Remove it when soft from 
the flame and pull. 

The tube is drawn a little at A (Fig. 50). At B it is pulled 


out much finer, because it happens to be hotter, and it has 
broken there because the pull was too hard. The lump C was 
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in the cooler central portion of the flame, and never became 
properly heated. 

(2). Heat another tube in a flat flame, holding it lengthwise 
and turning it slowly round and round. Pull the two ends 
apart. There is no lump, because the tube was heated evenly, 
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but the finely drawn out tube has softened at once, and is bent 
down (Fig. 51). 

(3) Heat another tube as in Expt. 2 until the tube feels 
limp in the fingers. Remove it from the flame. Draw slowly 
at first, then more quickly, but gently rotating each end until 
the hands are wide apart. Hold it rigidly for a few seconds, 
until the glass stiffens (Fig. 52). The glass is now drawn out. 
perhaps a yard long or more. Cut the tube with a very sharp 
file gently at A and B. Notice how elastic this section A B is. 
It can be bent nearly to a circle. If bent too far, it snaps, and 
the pieces spring back straight again. Dip the end B into 
water, and blow at A. Bubbles arise. Dip another piece of 
this fine tube into an inkpot, and note the result. Then, A B is 


really hollow all through. The end A C can be used for the 
wash-bottle jet. The very narrow tube A B is called “ capillary 
tubing” (Lat. cafz//a, a hair). 

The foot blowpipe flame is better than a flat flame for 
drawing out glass tubing. 

To narrow or close an End of a Glass Tube.—Incline 
a glass tube 20 cm. long downwards at an angle of 60°, and 
hold the lower end in the edge of a Bunsen flame at a point 
about two-thirds of the height of the flame, as shown in Fig. 53. 
The edge becomes red-hot, fuses, and gradually contracts. 
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“Remove the ai from the flame before it is quite sealed up. 
Sut the glass about 4.cm. from the end. This portion can be 
"used for the wash-bottle jet. 
: Hold one end of the remainder of the tube for a longer time 
_ in the flame, and close the end entirely. 
Rubber tubing sometimes becomes stiff hes not in use. 
— Warm gently and pull it about ; it soon softens. Cut off a piece 
| an inch and a half long for future use. If a rubber tube is too 
_ wide for a glass tube, it can be made to fit 
3 gi doubling it back on itself. 
To fit together the Wash-Bottle.— 
" Moisten the end a of the long tube a 4 (Fig. 
46). Push the long tube through the cork 
_ with a zig-zag screw motion. Hold the tube 
_ mear the cork, and avoid holding it at the 
bend 4, where it might break and cause a 
“nasty cut in the palm of the hand. Fit d 
‘in the cork also. Now fit the cork into the 
bottle. The end a should come nearly to 
he bottom of the flask, but not so near as 
o risk touching it. 
Note.—Tubes should never be pushed 
into corks when they are fixed in the mouths 
of flasks ; nor should corks be fixed in the 
necks of flasks when the flasks are standing 
-on the bench; hold the flask in the left 
hand. 
To test whether the Flask is Air-tight.—Close the 
slass tube at e and blow at @. Does the air hiss out through 
he cork? Again closing e suck at d. The tongue is sucked 
back, and held at the end of the tube. Attach the jet c 
oY means of the rubber tubing. If the flask is now filled 
rith water, it is ready for use. 
To use the Wash-Bottle.— 
oh Blow at @. A fine jet of water issues from c. 
“9 Invert the bottle. A large stream of water issues from d. 
is often well to keep the bottle filled with distilled water. If 
a supply of hot water is required, the bottle can be heated over 
& flame upon wire gauze. 
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by the student for himself :—_ . 


1. Each boy must use his own apparatus ends work at 
Experiments, calculations, or notes must not be made at the } 
reserved for balances. 

2. Clean apparatus, and put it away in its pee place as 
as done with. 

3. Bench, drawers, and cupboards must be left clean todd ine ‘ 
Test-tubes must be left clean, and half full of water. = 

4. Solids (é.g. matches, filter-paper, rubbish) must not be thre 
into the sink, but be put into the refuse pan. 3 

5. Never pour strong acids down the sink. Dilute them 
water before throwing them away. 

6. Stoppers must not be left out of their bottles on the ber 
but be replaced. 


EXERCISES 
: Working of Glass. Fitting up Apparatus 


1. Cut a tube 10 cm. in lergth. Round the edges. Bore a cork 
to fit the tube tightly. Pass the tube through the cork. 


2. Prepare tubes as follows :— 


a tube 15 cm. long bent at 120° in the middle. 


© 
9 15 99 9 ” be 90 29 ” ” 


” 15 9 ” 9 60° so. 
-_. 2.5, ee bio an equilateral triangle, 


riba. bee if at right angles near one 
the other end, taking care that both bends are 


Sut “he tubes 10 cm. long. Round their edges. Bore two holes 
h a cork to fit the tubes. Fix the tubes through the cork. 
_a tube 25 cm. long. Draw it out near one end, and cut it - 


Practise pulling out glass tubes to full arms’ length. Break up 
pillary tube so formed into 6-inch lengths, and save them. ee 
‘ ‘Fit up the pieces of apparatus shown in Figs. 54, 55, and §6. 
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CHAPTER IX 
CHANGE OF STATE—LIQUEFACTION AND SOLIDIFICATION 


We are acquainted with many different solids and liquids. 

What is the effect of heat upon them? 

Many solids are changed into liquids by heat, 
which solidify again on cooling. 

Expt. 1.—Place some powdered sulphur in a test-tube. 
Heat very gently in a Bunsen flame. The sulphur quickly 
melts, and forms a yellow liquid. The liquid becomes thick 
like treacle, and of a dark red colour. Then it becomes more 
liquid again, and begins to boil. Let it cool. The liquid 
quickly solidifies again, forming a solid cake of sulphur. 

EXPT. 2.—Place a lump of paraffin wax in a test-tube, and 
heat it gently in a flame. The wax melts very quickly, and 
forms a clear liquid. Let it cool. The liquid is quickly changed 
into an opaque white solid mass. 

EXPT. 3.—Place a few pieces of tin in an iron spoon. Support 
it ona tripod. Heat ina good Bunsen flame. The tin melts 
completely. Skim off the earth-like dross on the surface of the 
molten metal with an iron file. Pour the liquid in a thin stream 
into a mortar full of water. It is converted into a bright crumpled 
mass of the solid metal again. 

EXERCISES 

Describe the effect of heat and subsequent cooling upon the 
following substances. In each case describe the appearance of the 
substance before heating it. 


(1) sealing wax. | (6) lead. 
(2) shellac. (7) zine. 
(3) vaseline. (8) copper. 


(4) bees’ wax. (9) common salt. 
(5) material of a stearin candle. 
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further examination of the effect of heating metals in the air 
and of the dross that appears upon the surface of molten metals 
will be made in Volume II. Chapter II. 


Let us study one particular case more fully. 

Expt. 4. The Effect of Heat upon Ice.—Break some 
ice into small fragments, the smaller the better. Pack them 
into the lower half of a wide beaker. Plunge a thermometer 
‘into the mass. The temperature is 
’ C. Warm the beaker on wire 
auze over a very small flame, and 
tir the mass continually with the 
hermometer, occasionally removing 
‘the flame for a few seconds. Read 
the thermometer frequently. The 
ce rapidly melts. Although so much 
at is added, nevertheless the tem- 
perature remains fixed at o° to 1° C., 
til the whole of the ice is melted. 
‘Only then does the temperature 
begin to rise, and continue to do so. 


It is evident that while ice is 
being liquefied ~o vise of tempera- 
ture occurs. In other words, the 
hange of state takes place at a 
definite temperature. This tem- 
perature is called the melting 
point of the ice. 
-Othersubstances behave similarly 
ice, and we may now proceed 
to determine ina simple way the 
eIting points of some of them. 
*ExpT. 5. To find the Melt- 
ng Point of Paraffin Wax.—Take a narrow glass tube. 
se one end by holding it in a flame. Introduce some small 
icles of paraffin wax to a depth of about o'5 cm. Attach it 
_ to a thermometer by means of a thin slice of rubber tubing so 
at the wax is opposite the middle of the bulb. Support a 
ker, of about 100 c.c. capacity, half-filled with water, over wire 
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gauze on a ring of a retort-stand. Place a glass stirrer, 4, inside, 
the end of which has been bent into a circle at right-angles to 
the stem. Support the thermometer so that its bulb is in the 
centre of the water (Fig. 57). Heat gently, stirring constantly. 
As soon as the paraffin wax melts, read the temperature. 
Probably you have been too late, and the reading is too high. 

Allow the water to cool slightly. Take a fresh capillary tube 
containing paraffin wax and ascertain the exact melting point, 
removing the flame from time to time, and stirring thoroughly, 
so that the temperature rises very slowly. Read to the nearest 
degree. 


EXERCISES ! 


Find the melting points of (1) iodine, (2) naphthalene, (3) washing- 
soda, (4) Glauber’s salt, (5) sulphur, (6) ‘‘ hypo,” (7) phenol. 


We have found that different solids melt at different tempera- 
tures. Usually, moreover, the melting point is in each case very 
definite. Pure sulphur, for example, has a well-defined melting 
point. Impure substances, on the other hand, do not melt 
entirely at one temperature, but gradually through a range of 
temperature. Hence, use may be made of melting points in 
order to distinguish and identify substances, and to detect the 
admixture of foreign ingredients. The melting point is indeed 
one of the best defined of physical “constants.” Here are a few 
melting points. 


TABLE OF MELTING POINTS 


feanum ... .. i776 UC. | Naphthalene ... 79° C, 
Gold as Paraffin, about... 54° 
Gopmer ... ... 1654" | * TAG an. 8s 48° 
Silver eee Washing-soda ... 34° 
Common salt ... 851° | Butter, about ... 33° 
ee |. oo Glauber’s salt ... 32° 
Gea. «. | OS oo ee eS o° 
Se 233° Mercury ... ... =39 
nar wl OS 


1 Jt will be found necessary to use strong sulphuric acid in place of water in the 
case of iodine and sulphur. 
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Latent Heat of Liquefaction.—We found that while 
_ice was being melted no rise of temperature occurred, in spite of 
_ the addition of so much heat. In a similar way heat apparently 
disappears while any other solid is being changed into a liquid, 
This heat which alters the state of a solid, but does not raise its 
__ temperature, and which therefore apparently disappears, was 
_ first investigated by Dr. Black of Edinburgh about. the year 
na z 1760. The question may be asked, whether, when such a liquid 
= is reconverted into the solid state, the heat will become sensible 
again. 
Expt. 6. To find whether Heat is given out when 
a Liquid solidifies.—Take some crystals of a substance 
_ known to the photographer as “hypo,” and to the chemist as 
_ sodium thiosulphate. Put them in a perfectly clean flask. Heat 
gently, until the crystals are completely melted. Introduce a 
_ thermometer. Place a plug of cotton-wool in the neck of the 
flask. Allow to cool ina quiet place. Then remove the plug, 
and introduce a small crystal of sodium thiosulphate. The 
liquid quickly solidifies. At the same time the thermometer 
rises many degrees, and the flask becomes quite hot. 
It is evident then that the heat, which apparently disappears 
when a solid is liquefied, can be recovered if the liquid be 
_ again caused to solidify. Hence the heat is said to be hidden 
or latent, and it is usually spoken of as latent heat of 
liquefaction. 
Freezing Mixtures.—Advantage is taken of the fact that 
__ heat becomes latent in the liquefaction of any substance to pro- 
_ duce “freezing mixtures.” For, supposing the liquefaction of a 
_ substance is induced to take place, and yet no heat is supplied 
_ from any external source, the heat which must be absorbed in 
_ the process of liquefaction will be taken out of the substance 
itself* or out of anything in contact with it, and a considerable 
fall of temperature may ensue. For instance, if 1 part of common 
_ Salt is mixed intimately with 4 parts of pounded ice or snow, the 
‘mass liquefies, because the freezing point of 4vine is far below 
hat of water. Hence, at the temperature of the experiment, 
the mixed materials ought to be liquid. But in order to liquefy 
‘they must absorb heat. They, therefore, sacrifice their own 
‘temperature in order to get this heat, and the temperature sinks 
0 about — 22°C. 
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PROBLEMS 


Find whether freezing mixtures can be made from— 


(1) Glauber’s salt and strong hydrochloric acid. 
(2) Ice and crystallised chloride of calcium. 

(3) Salt and water. 

(4) Sal-ammoniac and water. 
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CHAPTER X 
_ CHANGE OF STATE—VAPORISATION AND CONDENSATION 


WE have found that many solids are changed into liquids by 
heat. What is the effect of heat upon liquids ? 
Many liquids are changed into vapours by heat, 
hich liquefy again or solidify on cooling. 
Expt. 1.—Place a few crystals of iodine inatest-tube. Heat 
the end of the tube very cautiously, holding the tube nearly 
vel. Some of the iodine melts, but at once heavy violet 
apours are given off. A dark deposit forms on the upper and 
_ cooler part of the tube. Examine it carefully. Crystals of 
_ iodine have been formed. The violet vapour of iodine when 
_ cooled has become solid iodine again. The vapour is said to 
condensed. Finally, all the iodine disappears from the 
bottom of the tube 
EXPT. 2.—Place a drop of mercury in a test-tube. Heat it 
carefully in a flame, holding the tube nearly level. A mirror of 
_ minute globules of mercury is soon seen upon the upper and 
cooler portion of the tube, although there is no visible vapour. 
hen the mercury boils, and the globules grow larger as the hot 
invisible vapour is cooled and condensed, and some of them 
¥ roll down and again be vaporised 


3.—Heat some water in a flask over wire gauze. A 


water. The bubbles grow larger, and more and more reach 
surface of the water, which is at last completely broken up, 
a white cloud of “steam” is seen at the mouth of the flask. 
e water is then said to doi. Nothing is now seen in the 
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flask above the water. The white ae be ae es tiny 
of water—‘“‘ water-dust” it has been called—condensed_ D 
cold air from the invisible water vapour. 

In all these three experiments liquids are found to 
into vapours, and then on cooling into the same liquids again. 
The sade of each substance is changed, but there is no change 
in the stuf of which each consists. The solid iodine, for instance, 
is changed into liquid iodine, and this into the vapour of iodine, 
and the iodine vapour back to the solid 
iodine again; the substance is all the 
time zodine,; it is not changed into a 
different substance; only its state is 
altered. Such changes are called 
physical changes. 

Let us study one case more fully :— 

Expt. 4. To find the Temperature 
of the Vapour from Boiling Water. 
—Take a large flask containing some 
water, and fit it with acork. File two 
grooves down the side of the cork, and 
pierce it with a hole, through which a. 
C. thermometer can be thrust, so that 
its bulb is just above the surface of the 
water. Place the flask on wire gauze, 
and heat it (Fig. 58). As soon as the 
water boils, and steam is issuing freely 
from the mouth of the flask, read the tem- 
perature six times at intervals of about one 
quarter of a minute. Does the tempera- 
ture rise? No, z¢vemains at about 100° GC. 

Thus the change or state of water to the vapour of water 
occurs at a definite temperature, viz. 100° C. This is called the 
boiling point of water. 


Is the same true ot other liquids? Does each possess a 
definite boiling point? 


EXPT. 5. To find the Temperature of Boiling Chloro- 
form.'—Take an 8 oz. flask. Support a dry test-tube within it 


1 Suggested by H. P. Highton in Practical Quantitative Analysis (Longmans), 
p. 124. 
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: a ofthetesk. or if this is too large by a cork. 
orm into the test-tube to a depth of about 2 cm. 


oh the water. Place she fash. on wire gauze, og Sc athermnemaue 
- in aclamp, so that the bulb is within the test-tube, and just — 
above the surface of the chloroform (Fig. 59). See that it does not 
touch the side of the test-tube. Place a small flame underneath, 
and drop two or three grains of sand into the chloroform, which ~ 
will help it to boil evenly. As soon as the chloroform begins to 
boil vigorously, remove the flame, 
___ and read the thermometer five or 
six times. The heat of the water 
is sufficient to keep the chloroform 
boiling. What is the boiling point 
of chloroform? About 60° C. 
Different liquids are thus found 

to boil at different temperatures. 
Moreover, when a liquid is pure, 
the boiling point is usually very 
_ definite and readily determined. 
Hence, it should be noted if possible 
__ in the case of every pure liquid. 


TABLE OF BOILING POINTS 
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Let us repeat the vaporisation of water in another way, so as 
_ to collect the condensed water. 

Expt. 6. The Distillation of Water.—(1) Take an 8 oz. 
flask, a, and half fill it with water. Introduce a few pieces of 
broken glass or of clay pipe. Take a piece of glass tubing 
about 80 cm. long, and bend it about 10 cm. from one end, as 
shown. Fit the tube to the flask by means of a cork. Support 
the flask on wire gauze upon the ring of a retort-stand. Place 
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the other end of the glass tube within a flask, 4, underneath a 
tap of cold water (Fig. 60). Heat the flask. As soon as the 
water has begun to boil, the steam passing down the tube is 
condensed on its cold surface, and when the glass tube becomes 
very hot, in the other flask. 

The condensation of the steam, and the collection of the 
water produced, is spoken of as distillation. Taste the water. 

Pe fiat and insipid. 

(2) The following is a better apparatus for the distillation of 

water. Take a flask, and fix in its neck by means of a corka 


Fic. 60. 


thermometer and a bent glass tube, as shown in Fig. 61. Take 
also a “ Liebig’s condenser,” which consists of a long narrow 
tube, the central portion of which is surrounded by a wider tube, 
so that cold water can be circulated between them. Select a 
cork which fits the tube of the condenser. Fix the cork on the 
tube in the flask. Place some water and a piece of clay pize in 
the flask. Then, supporting the flask upon wire gauze, connect 
it with the condenser. Circulate cold water through the con- 
denser. Heat the flask. When the water has begun to boil, 
the vapour, passing the bulb of the thermometer and down 
the tube, is completely condensed on the cool surface of 
the tube. Collect in a flask the water thus condensed. 
Meanwhile read the thermometer. It stands constantly at 
100° C, 


_ Non-Volatile Liquids.—Some liquids cannot be distilled, 
or converted into vapours which will yield the same liquids 
again when cooled. 

Expr. 7. Olive Oil cannot be distilled.— Half filla email 
retort with olive oil. Fit a thermometer in a tubulure, so that 
the bulb is in the oil. Introduce the neck of the retort into a _ 
small flask. Heat the retort over wire gauze. Observe that 

the temperature rises continually higher and higher. As soon 
as 300° C. is reached, remove the thermometer, and replace the 
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stopper of the retort. Heat further. After a time vapour is at 
_ last* evolved, and being condensed in the neck, a few drops of 
F figuia are collected in the flask. Then remove the flame. 
_ Notice the odour of the liquid in the receiver. It is very acrid, 
and clearly not that of unchanged olive oil. Indeed, this 
liquid is not olive oil at all, but another substance produced by 
the heat breaking up the oil, 
Liquids such as olive oil, which cannot be distilled, are said 
to be non-volatile. 
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EXERCISES 


1. Find the boiling points of— 


(1) turpentine. 
(2) benzene. 

(3) pure alcohol. 
(4) toluene. 


2. Distil a mixture of 100 c.c. water, with 100 c.c. methylated spirit 
in the apparatus of Fig. 61. Read the temperature of the thermometer 
every minute. Collect the distillate in separate samples of about 25 c.c. 
each. Find the relative density of the first and last samples. 
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i CHAPTER XI i 
_ CHANGE OF STATE—THE EVAPCRATION OF WATER AND OF 
OTHER LIQUIDS 


The Evaporation of Water.—We are often, perhaps, 
lined to suppose that it is only when water is boiled that 
it is converted into vapour. Yet this is far from being true. 
_ Wet clothes become dry when hung in the open air, particularly 
a windy day, and the puddles in the road after rain are 
lickly dried up in the sunshine. The quiet and invisible 
sage of a substance from the liquid to the gaseous state at 
all temperatures is called evaporation. oe 
_ So large a part of the surface of the globe is covered with 
water, in sea, river, or lake, that an enormous amount of eva- 
" poration is always going on. It is evident, therefore, that the 
air must always contain a very large amount of ~ aqueous 
_ Vapour. 

But is there any limit to the amount of aqueous vapour which 
the air may contain, and what conditions affect the rate at ~ 
which evaporation proceeds? We must now search for answers 
to these questions. 

_ Valuable information about the evaporation of liquids can be 
obtained by introducing them into the Torricellian vacuum of a 
rometer tube. 

Expt. 1. The Evaporation of Water in a Vacuum.— 
two dry glass tubes, A and B, each sealed at one end, 
h warm dry mercury, and invert them in a trough of mercury 
Fig. 62). Introduce a drop or two of water into B under the 
nercury by means of a pipette, C, with a curved end. The 
vater, being lighter than the mercury, rises to the surface i 
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the tube. The mercury column at once falls a considerable 
distance. This cannot be due to the weight of the drop of 
water. Observe closely the top of the mercury column. The 
drop of water has nearly or entirely disappeared. The water 
has then evaporated very rapidly in the vacuum. The 
depression of the mercury must be due to a pressure which the 
invisible aqueous vapour is exerting, in the same way that air 
exerts a pressure. 

Supposing we introduce some more water, will the mercury 
sink further? We must test this 
by experiment. Add a few more 
drops of water, so that a little water 
rests upon the top of the mercury 
column. The mercury does not 
sink any further after this, even 
though two or three drops of water 
are added. Measure the difference 
in level of the mercury in the two 
tubes. This difference measures 
the pressure which the aqueous 
vapour is exerting. 

From this experiment it appears _ 
that (the temperature remaining ~ 
unchanged )— 

(1) Water evaporates very rapidly 
| in a vacuum. ; 
| = | f= (2) It is not possible for an un- 
- limited amount of water to evapor- 
ate into a given space, but only a 
certain maximum amount. The 
space is then said to be saturated. 

(3) When water is allowed to evaporate into a given space, 
the aqueous vapour exerts a pressure, but this pressure cannot 
exceed a certain maximum. 

What will be the effect of an increase in temperature upon 
the aqueous vapour pressure? Gently warm the upper end of 
the tube containing the water vapour with the hand, and then 
with a Bunsen burner. The mercury sinks still further. 
Hence :— 

(4) As the temperature is gradually raised, the pressure 
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_ exerted by aqueous vapour is also increased. Can we measure 

the pressure corresponding to any particular temperature ? 

- Dalton’s Experiment for measuring the Pressure of 
Water Vapour.—John Dalton was the first to carefully study 

this subject, and his own account of his experiments may be 


quoted :— 


two inches diameter and fourteen inches in length, to each end 
f which a cork is adapted, per- 
_ forated in the middle so as to 
admit the barometer tube to be 
pushed through and to be held fast 
y them ; the upper cork is fixed 
wo or three inches below the top 
‘of the tube, and is half cut away 
so as to admit water, &c., to pass 
by, its service being merely to keep 
- the tube steady. Things being thus 
-circumstanced, water of any tem- 
“perature may be poured into the 
wide tube, and thus made to sur- 
‘ound the upper part or vacuum of 
he barometer, and the effect of 
emperature in the production of 
‘vapour within can be observed from 
he depression of the mercurial 
olumn.” 

The experiments previously de- 
scribed show that water evaporates 
at ordinary temperatures below 
_ 100°. The pressure of such vapour 
_ formed at temperatures below 100° 
_ is often called aqueous vapour pressure, while the pressure 
exerted by the vapour arising from boiling water is commonly 
poken of as steam pressure. The term steam, as commonly 
used, means either the vapour arising from boiling water, or else 
aqueous vapour out of contact of water heated to temperatures 
above 100°. 

The following table shows the pressure of aqueous vapour for 
various temperatures, measured in millimetres of mercury, that 
vol. 1. ” 


oe 
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“1 take a cylindrical glass tube open at both ends, and of 
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is to say, by the number of millimetres of mercury through 
which the aqueous vapour at each temperature would depress a 
column of mercury. 


PRESSURE OF AQUEOUS VAPOUR 


Temperature. Pressure. Temperature. Pressure. 
O° 4° + mm. 40... «. Se 
5 6° + 60... ... an 
eames roars asks 80... ... See 
REPS so eke 90°... a» S2Qeee 
BOTY ivi. eae gee 100—Ct«.. ws 


Saturated and Unsaturated Aqueous Vapour.—We 
have seen that if water be placed in a closed vessel the water 
evaporates very quickly if the vessel is vacuous, but that there 
is a certain maximum pressure corresponding to any given 
temperature which cannot be exceeded. If the vessel contains 
air, it is found that the only difference is that the evaporation 
is slower: gradually the maximum pressure corresponding to 
the temperature is attained, and cannot be exceeded. In either 
case the air is said to be saturated with aqueous vapour, 

Briefly, then, at any definite temperature the air is capable of 
taking up only a fixed amount of aqueous vapour. 

Suppose the temperature of air which is saturated with 
aqueous vapour be reduced, what will be the consequence? At 
the reduced temperature the maximum vapour pressure is less 
than at the original temperature. Hence some of the aqueous 
vapour will have to be parted with. What can become of it ? 
Will it not be condensed as water or dew again? 

We are really well acquainted with many instances of this. 
In a hot room there may be a large amount of aqueous vapour, 
yet not sufficient for it to be saturated. Close to the windows 
on a cold night, however, the temperature of the air will be 
greatly reduced, so that there will be more than sufficient 
aqueous vapour present for it to be saturated, and as we know 
a heavy dew will be deposited upon the cold glass. So also the 
dew often found in the morning on the grass, and on the surface 
of leaf and flower and cobweb, comes from the cooling of the air 
around them to such a temperature that the invisible aqueous 
vapour is in excess of that which can be contained in the air at 
this temperature, and it is therefore deposited. 
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Expt. 2. To show the Deposition of Dew from the 
_ Air of the Room.—Make a freezing mixture with Glauber’s 
_ salt and hydrochloric acid in a test-glass. Notice the deposition 
_ of dew on the outside of the glass. 

If air containing aqueous vapour be slowly cooled, the tem- 
erature is sooner or later reached at which the air is saturated 
with vapour. The deposition of dew will begin at this tempera- 
ure, and it is this temperature which is called the dew- 

int. 

| ete “dew-point” is the temperature at which the 
aqueous vapour actually present in the air is 
_ sufficient to saturate it. 

_ The Boiling of Water.—In the above table the number 
60 mm., representing the pressure of aqueous vapour at 
oo” C., shows that the Aressure of agueous vapour at 100° zs 
gual to the normal atmospheric pressure. Now it is exactly at 
lis temperature that water evaporates in that rapid and violent 
“way which we speak of as the dozing of water. This suggests 
hat a liquid boils at a temperature such that the pressure of its 
vapour at that temperature is equal to the pressure of the 
atmosphere. How do experiment and experience bear this 


If this be so, it follows that water should boil on a mountain 
at a lower temperature than at the sea level, for on the top of a 
‘mountain the atmospheric pressure is less than at sea level. 
‘This conclusion is borne out by Professor Tyndall’s discovery 
hat on the top of Mont Blanc water boils at 85°, or 15° below 
he temperature at which it boils at the sea level. Indeed, for 
very 600 feet above sea level the boiling point of water is 
ound to fall about 1° F. But we do not need to ascend a 
Mountain in order to alter the boiling point of water. At any 
given place the height of the barometer varies, and consequently 
the boiling-point of water is found to vary, slightly it is true, but 
perceptibly. It changes 1° C. for an alteration of 27 mm. in the 
height of the barometer. 

Expt. 3. Franklin’s Experiment to show that 
Vater will boil below its ordinary Boiling Point 
yhen the Pressure above it is lowered.—Fit a strong 
yund-bottomed flask with rubber stopper, glass tube, rubber 
e, and clip, as shown in Fig. 64. Introduce some water, and 
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support the flask over wire gauze. Open the clip, and boil the 
water vigorously till all the air is expelled, and its place taken 
by aqueous vapour. Then remove the flame, and close the clip. 
Allow the flask to cool until all boiling ceases. Then pour 
some cold water over it. The water begins to boil. The 
reason of this is that a large portion of the aqueous vapour in 


=I 
f| 


TET 


MMMM 


Fic. 64. 


the flask is condensed through the pouring on of the cold water. 
Consequently the pressure on the surface of the water is so far 
diminished that it is less than the maximum pressure of aqueous 
vapour at the temperature of the water, and the water therefore 
boils. 


PROBLEM 


Place a flask containing hot water under the air pump, or connect it 
with a Bunsen pump. Can you make the water boil? 


Then again, supposing the pressure above the surface of water 
is increased, should not the boiling point be raised? 
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Expt. 4.'! To show that the Boiling Point of Water 
ean be raised above 100° C.—Pour some water into a 
: strong flask, and close it with a rubber stopper, through which 
are passed a thermometer and a glass tube bent at right-angles 
(Fig. 65). Attach to the external end of the tube a piece of 
rubber tubing bearing a screw clip. Leaving the clip open, 
_ heat the flask on a flame until the water boils, and observe the 
_ temperature. Then close the clip until only a narrow exit is 
left for the steam. The result is that the pressure within the 
_ flask is gradually increased, and consequently the water boils 
4 at a higher temperature. As soon as the temperature ts seen to 
_ rise 2°, release the clip at once. 

Definition.—The boiling point of a liquid is that 
- temperature at which the pressure of its vapour 
_ just overcomes the pressure of the atmosphere upon 
the surface of the liquid. 


EVAPORATION. OF OTHER LIQUIDS. 


* We have considered the evaporation of water in some detail. 

_ Do other liquids evaporate at temperatures below their boiling 

. points? Can the statements made of aqueous vapour be applied 
to the vapours of other liquids besides water ? 

Expt. 5. To compare the Evaporation of Liquids.— 
Place drops of ether, chloroform, alcohol, benzene, water, and 
olive oil upon a slate. Observe that some disappear or are 
evaporated before others. 


EXERCISE 


Repeat Expt. 1, using (1) alcohol, (2) ether, (3) chloroform, in 
place of water. 


The mercury sinks further when alcohol is used than with 
water, and still further in the case of ether, the temperature 
being the same in each case. Try also in each case the 
influence of an increased temperature. 

It is evident then that the vapour pressure of alcohol or ether 
is greater than that of water at the same temperature. More- 
over, in every case the vapour pressure increases as the tem- 
perature rises. It follows from this that with alcohol or ether 


1 Lecture Table Experiment. 
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the temperature will probably be sooner reached at which the 
vapour pressure is equal to the pressure of the atmosphere—in 
other words, the temperature at which the liquid will boil. If 
reference is made to the table of boiling points, p. 91 it is 
found in agreement with this conjecture that ether boils at 35°, 
and alcohol at 78°°3. 


LATENT HEAT OF VAPORISATION. 


We have found that while the vaporisation of a liquid is 
proceeding by boiling, although heat is being continuously added, 
nevertheless there is no simultaneous rise in temperature. This 
heat which apparently disappears but can be made sensible 
again is termed the latent heat of vaporisation. 

In the process of boiling this heat is supplied from an external 
source. 

Is heat also rendered latent when a liquid simply evaporates 
below the boiling point, when no heat is supplied from a fame 
or fire? If heat is absorbed in such 
a case, it will of necessity be obtained 
out of the liquid itself, or from sur- 
rounding objects, and consequently 
their temperatures will fall. We must 
test this by experiment and experience. 

Expt. 6. Is Heat rendered 
Latent in Ordinary Evapora- 
tion ?—Pour a little ether over the 
hand. A sensation of cold is felt. 

Again, recall the sensation of cold 
experienced when the body while wet 
after bathing is exposed to the air. 

EXPT. 7.~—-Take a small flask, fill 
it one-third full with ether. Place 
within it a test-tube containing about 
I c.c. of water. Then, by means of a 
glass tube connected with an air-blast 
or bellows, send a rapid stream of air through the ether (Fig. 
66). The ether is rapidly evaporated. Presently the water 
inside the tube is found frozen solid. Notice the hoar frost on 
the outside of the flask. 
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EXERCISE 


= Put some ether in a beaker. Wet the outside of the beaker with 

- water. Stand it on a wooden block. Can you freeze the beaker to the 
block ? 

___ Expt. 8. The Cryophorus.—This is an interesting piece 
_ of apparatus devised by the physicist Wollaston (Fig. O7) care 
- consists of a closed glass tube, bent twice at right angles, with 

a bulb at each end, and contains some water and water vapour, 

_ but noair. Run all the water into the bulb B. Immerse the 


Fic. 67. 


_ bulb A in a freezing mixture. After a time dew is seen to be 
_ deposited on the outside surface of B, and finally the water in 
_ Bemay even be frozen. 

Expr. 9. The Wet and Dry Bulb Thermometers.-—— 
_ Take a thermometer. Wrap the bulb in cotton wool. Read its 
temperature. Pour a few drops of methylated spirit on the 
cotton wool. Wave the thermometer about in the air. Read 
the thermometer again. The temperature has fallen several 
degrees. , Repeat, using (1) ether, (2) water. 

It is a matter of common knowledge that the air is much 
more moist on some days than on others. Sometimes the air 
appears to be laden with moisture, and everything out of doors 
is dank and wet. On such a day it would be useless to hang 
clothes out to dry, for the air is saturated or contains as much 
aqueous vapour as is possible at that temperature, and if a wet 
thermometer bulb were moved about in such air no fall of 
_ temperature would occur. It is evident, therefore, that we can 
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is an instrument which enables us to do this. One thermometer 
serves to record the actual temperature of the air. The bulb 
of the other is surrounded by a piece of muslin, one end of 
which dips into a small vessel containing water, and by these 
means the bulb is kept moist. Ona dry day the water on the 
wet bulb evaporates, and a lower temperature is recorded than 
by the dry thermometer. Moreover, the magnitude of the 
difference between the readings of the two thermometers gives 
a measure of the degree of un-saturation of the atmosphere, 
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for, the drier the air, the more rapid is the evaporation, and the 
greater the lowering of temperature. On a thoroughly damp 
day the two thermometers record the same temperature. 

Conclusion.—It has been shown that the air always contains 
mvisible water vapour. Sometimes the air is saturated, and the 
vapour 1s readily condensed as rain or mist or dew in the open, 
or as a dew on cold walls or pipes indoors. But far more often 
the air is not saturated, and in that case evaporation must result 
wherever there is water. In the open air, water is evaporated 
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from seas, lakes, and rivers, from the soil, and from the leaves of 
all trees, from the grass and all flowers, and if the heat is great, 
and the evaporation therefore rapid, these may fade and wither. 
And in a warm, closed room, which is not well ventilated, 
especially if it is heated by hot pipes or by a closed stove, 
evaporation will often take place so rapidly from growing ferns 
or other plants that the fronds or leaves droop and die ; evapora- 
tion of water will also take place from the surface of the skin of 
any occupants of the room, frequently causing exhaustion and 
Oppression. Such a condition of a room may be prevented by 
not allowing the temperature of a room to exceed 60° F. by 
proper ventilation, and by having some water exposed in vessels 
in the room. 


PROBLEM 


Hang up a piece cf salt seaweed. Compare its condition, day by 
day, with the readings of the wet and dry bulb thermometer. 


CHAPTER XII? 


CALORIMETRY 


The Unit of Heat.—We have already seen that when a 
solid is melted, or when a liquid is vaporised, heat becomes 
latent (pp. 85, 90 and 102), but we cannot endeavour to measure 
the guantity of heat which becomes latent until we have fixed 
upon some standard measure, that is upon a definite wmzz of 
heat. 

The effects of heat are numerous, and any one of them which 
can be accurately measured might be used as a unit of heat; 
for instance, we might select as our unit of heat the quantity 
necessary to produce a definite increase of volume in unit mass 
of some standard substance. Asa matter of fact, the effect of 
heat selected is that of increase of temperature, and the unit of 
heat is the quantity of heat required to raise the 
temperature of 1 gram of water from O° C. to 1°C.; 
this unit is usually called one calorie. Hence, if 50 grams of 
water are to be heated from o° to 1° C., 50 units of heat will be 
required. 

Pending further inquiry, we shall assume that the quantities 
of heat necessary to raise the temperature of I gram of ‘water 
1° are equal wherever that degree may be on the scale of 
temperature ; for instance, the quantity of heat necessary to 
raise the temperature of I gram of water from 80° to 81° may be 
taken as equal to that required to raise the temperature of 
1 gram of water from o to 1°. It follows from this that if the 

1 To Trachers.—As the calculations involved in this chapter are usually felt to be 


rather difficult, the chapter may, if circumstances allow, be postponed with advantage 
to a later period in the course, 
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temperature of 1 gram of water be raised from 0° to 80°, 
80 calories are required, and if the temperature of 20 grams of 
water be raised from 30° to 55°, 25 x 20 or 500 calories will 
be required. 
‘It must be assumed also that, when a given weight of 
water, or indeed of any substance, is cooled through any range 
_ of temperature, it gives up exactly the same quantity of heat 
_ that is required to raise its temperature through the same 
range. 
Let us next consider what occurs when we mix together two 
_ quantities of water at different temperatures. 
a Expt. 1. The Effect of mixing Two Quantities of 
_ Water at Different Temperatures.—Support a small 
_ Cylindrical vessel, a2, made of sheet brass,! on corks inside a 


> 


' larger zinc vessel, 4 (Fig. 69). The inner vessel is called a 

“calorimeter” or heat-measurer. Measure into it 50 c.c. of 
_ water. Place a C. thermometer inside it. Weigh a small dry 
_ flask. Measure 50 c.c. of water into it. Place another C. 
ee thermometer inside it, and heat the flask slowly over a small 
_ flame. Meantime stir the water in the calorimeter, and read its 
temperature. As soon as the water in the flask is above 50°, 
remove the flame, stir carefully with the thermometer, quickly 
read its temperature, take out the thermometer, and pour the 
water into the calorimeter. Stir the mixture in the calorimeter, 
and read the highest temperature attained to one-tenth of a 
degree if possible. Weigh the flask, and so determine the 


eek 3. A small glass beaker may be used if a brass vessel is not available. 


¥ 
. 
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a = Te mmc... 2 2m 


quantity of water left in the flask. The following numbers were 
obtained in an experiment :— 


Weight of warm water measured out... ... --. 50 gm. 
iS a . left in flask” <3. ...° .... ~ ee 
% 7 5 used... - sbeoMaeete ews | oss len 
Temperature of warm water a ee 
Weight of water originally in calonneter oo _ouii 
Temperature of water in calorimeter ee 
Temperature of mixture observed...) + 35 Bue 


It is evident that the water in the calorimeter gained heat, 
while heat was lost by the warm water added to it. If there 
was no loss of heat, and no interchange of heat except between 
the two quantities of water, we can readily calculate what the 
common and final temperature should be, and this should agree 
with the final temperature observed, viz. 35°°1. 

Probably the simplest and most convenient way is to calculate 
the quantities of heat which both quantities of water contained 
above that they would have possessed were their temperatures 
o. These were :— 


50 x 19°! or 955 calories in the case of the water in the calorimeter. 

49°5 X 52°1 or 2578°95 calories in the case of the warm water. 

Hence, 

955 + 2579 or 3534 calories of heat were absorbed by 50 + 49°5 or 
99°5 grams of water. 


Hence, the common temperature should be 3534 or 35°°5, whereas 
99°5 
it was actually found to be 35°'1 


The difference between the observed and calculated values is 
probably due to a slight loss of heat from the water; for 
instance, a small amount of the heat in the warm water goes 
to heat not only the water in the calorimeter, but also the 
calorimeter itself and the thermometer. (.Sce Expt. 4, p. 111.) 


SPECIFIC HEAT 


When equal quantities of heat are communicated to equal 
weights of water, the temperature of each is raised by the same 
amount. But if equal weights of deren? substances are heated 
until they have acquired the same temperature, will they be 
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found to have absorbed the same quantities of heat? In other 
_ words, have different substances the same capacity for heat ? 
_ Expr. 2. To find whether Different Metals have the 
_ same Capacity for Heat.—Take cylinders of lead, tin, 
and copper, of the same weight, say 50 grams in weight each. 
_ Suspend them by threads in boiling water for five minutes. 
‘Lake three calorimeters, and measure 50 c.c. of water at the 
_ ordinary temperature into each. Place a thermometer in each. 
_ Then remove the cylinders at the same time from the boiling 
water, and place one in each calorimeter. Stir carefully with 
the thermometer, and read in each 
case the highest temperature attained. 
_ Have the metals heated the water 
to different temperatures ? Which has 
_ raised the temperature of the water 
the most? The copper. 

It follows from this experiment that 
_ if equal quantities of heat are given to 
_ equal weights of diferent substances, 
the temperatures of each will be raised 
_by different amounts. 

Definition of Specific Heat.— 
The quantity of heat required to raise 
the temperature of 1 gram of a sub- 

_ Stance from o C. to 1° C. ts called its 
Specific heat at o°. Since, however, 
very nearly the same quantity of heat 
__ is required to raise the temperature 
of any substance 1° wherever that 
degree may be on the scale of tem- 
perature, we may state as approxi- 
mately true that the specific heat of any substance is 
the quantity of heat, necessary to raise the tempera- 
_ ture of 1 gram of it 1° C. 

Expt. 3. To find the Specific Heat of a Metal.— 
_ Measure into a thin brass vessel 100 c.c. 2 of water, and place a 
thermometer in it. Weigh into a hard test-tube, a (Fig. 70), 50 
trams? of the metal. Close it with a stopper, through which is 


1 £-g. granular lead, iron filings, granulated zinc, copper turnin 
ee # Half quantities tals be weed » Gr , coppe ings 


passed another thermometer, the bulb of which must be 
surrounded by the metal. Heat the metal as nearly as possible 
to 100° C. by suspending the test-tube for some time in a flask, 4, 
containing boiling water. Read its temperature, read also the 
temperature of the water in the calorimeter, and then transfer 
the metal as quickly as possible into the water in the calorimeter, 
stir with the thermometer, and observe the highest temperature 
Feaceea. iT hus— 


Mvetetot metal 2.4, vee sss we. see se wee pee 
5 WaALCT 1:5) Gabeeibes,. <>» oy») a . 100 gm. 
Temperature of metal before experiment ... ... ... ... 100 C. 
‘ »» cold water before experiment... ... ... 12 
i »» Water after experiment ... ... ... ... Mai 


Assume calories lost by metal = calories gained by water; 
then, 


Metal fell in temperature ... ... 100-16 or 84 degrees. 

Water increased in temperature... I16-—120r 4 degrees. 

Water gained... ... ... «.. ... 100 % 410F 400 calgmem 

7.€. metal lost ot ee 
If 50 gm. metal cooling 84° lost 400 calories, 

° OO 5 
emi. 5y “ 1° lost 492 x + or = calories. 
50 84 5 Ba 

Ilence, 


Specific Heat of metal =0'095. 


The student should observe that (1) the metal must be 
thoroughly heated, (2) as the difference of temperature to be 
measured is very small, temperatures should be read to the 
nearest tenth of a degree.! 

Water Equivalent of a Calorimeter.—If warm, water 
is added to a calorimeter, containing a thermometer, which is 
at the temperature of the air, the calorimeter and thermo- 
meter are heated, and on the other hand there is a loss of 
heat from the water, which must be allowed for in accurate 
determinations of specific heat. Now there must be a certain 


quantity of water which will absorb just as much heat as the 
_ | Note for Teacher.—The method described above is only moderately accurate, but 
it is instructive, and does not take too long. The student realises at least what is 


meant by “‘specific heat,” which is the important thing. It may be noted that the 
‘water equivalent ” is neglected, and that it is assumed that roo c.c. = roo grams. 


ae 
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er and thermometer absorb in being heated through 
y range of temperature. This equivalent amount of water is 
-alled the water equivalent of the calorimeter, and must be 
allowed for in accurate determinations of specific heat. 

_ Expt. 4. To show the Absorption of Heat by a 
Calorimeter.—Support a calorimeter as before on cork in an 
outer zinc vessel. Heat 100 c.c. water in a beaker containing a 
_ thermometer to about 35°C. As soon as this temperature is 
_ reached, remove the flame, stir well, read the temperature, at 
_ once pour the water into the calorimeter, put the thermo- 
_ meter in the calorimeter, and stir well, watching closely the 
_ thermometer. The temperature falls rapidly through a small 
_ range owing to the absorption of heat by the calorimeter. Read 
_ the temperature. From this point the temperature continues to 
fall slowly, owing to the cooling of the apparatus. 

| State thus :— 


Temperature of water in beaker... 2. 2. = 35°4C. 


as = »» calorimeter 346 Ee 
.". Fall in temperature 0°'9 C. 


_ For a fuller treatment of this subject the student should refer - 
_ to books on Physics. 


lI 


TABLE OF SPECIFIC HEATS 


SoLIps 
Magnesium... ... 0°250 2M... ne ee ee eee 
Aluminium... ... 0'214 Copper * anos ee 0'095 
Ree x. «s. +0°188 OuVer Ls ine Ore 
rn so Ay) merge ee 
Diamond ... ... 0°147 Gold «i ose el Ode 
Deas, 4. O84 re 
s 
LIQUIDS 
ME a. cs. .2°000 Oil of turpentine ... 0°462 
Aono... ... O'618 BLCICUry 64 “sae ngs OBS 


Pe ae iv. O°SO3 


It is seen at once from these numbers that the specific 
tt of water very greatly exceeds that of most other sub- 


17 for Examples on Specific Heat. 
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LATENT HEAT OF LIQUEFACTION 


We have already found that heat becomes latent when any 
solid substance is melted, and we are now in a position to 
measure the latent heat of liquefaction of ice. But first we must 
define exactly what it is we wish to measure. 

Definition of Latent Heat of Liquefaction.—7/e 
latent heat of liquefaction of any substance ts the number of 
calories of heat absorbed by 1 gram of it in passing from the 
solid to the liquid state without rise of temperature. 

N.B.—This is equal to the number of calories of heat evolved 
when a gram of the liquid substance is reconverted to the solid 
state without fall of temperature. 

Expt. 5. To measure the Latent Heat of Lique- 
faction of Ice.—Weigh a small sheet-brass calorimeter. Add 
100 c.c. of water, and weigh again. Heat it carefully to about 
20° C. Then weigh out roughly on filter-paper about fo grams 
of ice. Place the calorimeter on cork supports within a zinc can, 
and carefully read the temperature of the water init. Dry the 
ice with blotting paper. Quickly introduce it into the calori- 


meter, stir thoroughly, and observe the lowest temperature _ 


attained. Finally, remove the thermometer, allowing the water 
to drain off into the calorimeter, and weigh again. The increase 
in weight gives the weight of ice added. In an experiment the 
following numbers were obtained :— 


Weight of calorimeter ... 1.0 4. ss. ss oes 24 BM. 
54 calorimeter and water... ...  ... «. TIO! 4, 
», calorimeter, water, and ice... ...  ... 128°5 ,, 

Initial temperature of water... ...0 6... ee 210, 

Final . 1 ae ws nnn 


Thus, 119'2 — 21°4 or 97°8 grams of water were cooled from 21°to 12°°5. 
128°5 — 119°2 or 9°3 grams of ice were added. 


This ice was first meMed, and secondly heated to 12°°5. 
Assume 
heat gained by ice = heat lost by water. 


Then, 
heat lost by water =. 97°8 x (21 — 12°5) 


= $31°3 calories. 


| 


a 


awe heat gained by 9°3 grams ice = 831°3 calories. 


the calories gained by 9°3 grams of melted ae 


se at O°, due to 12°°5 rise of temperature... | UF aa 
| = 116°25 
ence, the number of calories absorbed in melt- ) _ 8314 nea 
ing 9°3 grams of ice 
fe = Tos 


\erefore, 


number of calories absorbed in melting 715 "08 : 
‘I gram of ice } => Ona 


The value obtained here for the latent heat of liquefaction of 

must be slightly inaccurate, owing to a small loss of heat 
rom the apparatus, and to the ice being slightly wet on the sur- 
ice. The true value lies between 79 and 80, but in round 
bers it may conveniently be taken as 80. We have arrived 
at the result that in the change of 1 gram of ice at o° into 


rdered latent ; that is to say, as much heat as could heat 80 
of water from o° to 1°, or heat 1 gram of water from. 


is interesting to observe the values of the latent heats of 
faction of other bodies. 


TABLE OF LATENT HEATS OF LIQUEFACTION 


OU nc aus es. 80 EM se ce 
‘Sodium nitrate... ... 63 Iodine - .... 02 
De ine oc 47 + Sulphir ... soe 
RU ie sd... 28+ Leads... ee ee 
0 ES ee) Phosphorus... 5+ 


is very noticeable that the latent heat of ice is very great as 
‘ed with those of other substances, and this is a matter of 
test importance. If snow and ice were immediately 
dinto water at o° C. with little or no absorption of heat, 
melting of the snow on the hills and mountains 
» the inhabitants of the valleys below them to the 
floods and inundations. 
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LATENT HEAT OF VAPORISATION 


Just as heat disappears whenever a solid is liquefied, so also 
we have already seen that when a liquid is vaporised heat 
becomes latent. 

Definition of Latent Heat of Vaporisation.—7zhe 
latent heat of vaporisation of any liguid at a given temperature 
7s the number of calories of heat absorbed by 1 gram of tt in 


passing from the liguid to the gaseous state without rise of 
temperature. 

When a vapour is condensed again into a liquid, the heat which 
was insensible or latent becomes sensible again, and the number 
of calories evoived is equal to the number previously absorbed. 

Expr. 6. To measure the Latent Heat of Vapor- 
isation of Water.—(1) Place some water in a 500 c.c. flask. 
Close it with a stopper, through which are passed a thistle- 
funnel (its lower end dipping below the surface of the water, not 
shown in Fig. 71) and a glass tube, bent as shown. Proceed to 
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heat the water. Also take a wide glass tube, A B, closed by 
stoppers, through the lower of which a straight glasstube is passed. 
_ Connect this apparatus, which is to serve as a trap, with the 
_ flask by means of the bent glass tube. The trap serves to catch 
the condensed water which is carried over by the steam. When 
_ the steam issues freely from the end of the tube, measure 50 c.c. 
of ice-cold water into a weighed brass calorimeter or beaker, 
_ and place it so that the end of the tube reaches nearly to the 
_ bottom of the calorimeter. 
_ The steam is condensed with a loud noise by the cold 
water, and the temperature rapidly rises, till finally the water in 
the beaker itself is raised to near the boiling point. Then 
remove the flame, and also the beaker, and observe that the 
volume of the water in the beaker is only increased by about — 
_ one-fifth. Ifthe increase in weight of the beaker is 10 grams, 
_ this shows that 10 grams of steam at 100°, in changing into 10 
_ grams of water at 100°, set free sufficient heat to raise the 
_ temperature of 50 grams of water from 0° to 100° C. What. 
_ value does this result give for the latent heat of vaporisation of 
water ? 
___ This experiment shows that the latent heat of vaporisation of 
_ water has a very high value, and that therefore steam should 
never be needlessly wasted. 
(2) Try to measure accurately the latent heat of vaporisation 
_ of water. For this it will be necessary to stop the condensation 
of the steam, when the temperature of the water reaches about 
50°, because at higher temperatures its loss of heat by cooling 
_ becomes much greater. Proceed thus :—Measure 100 GiGi OF 
E cold water into a calorimeter, and weigh. Read its temperature. 
_ Pass steam in until the temperature rises just above 50° C. 
_ Then,lift the delivery tube out from the calorimeter, stir well, 
__and at once read the temperature. Thus: 


CRUE MME ATCT i. ee isc tae ves cs IO gm. 
Weight of calorimeter when cold ... ... ... = 141 Fm 55 
9 9 $8: WORT ea ee es | A. 
empermiure of cold water... .. .. .. .. = 1 370 C. 
he », warm water ae Baha, 


Hence, 100 grams of water were warmed from 13° to 53°-3 C., and 7 
grams of steam were condensed. 


12 
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Now, the steam was first condensed, and, secondly, cooled to 53°°3 C. 


Assume 
heat gained by water = heat lost by steam. 
Now, 


heat gained by water = 100 x (53°3 —13) 
= 4030 calories. 


.*. heat lost by 7 gm. of steam 4030 calories. 


But the calories lost by 7 grams of condensed steam at 100° due to 
(100° — 53°°3) or 46°°7 fall of temperature = 7 x 46°7. 


= 326°9. 
-, the calories given out by the condensation of 7 grams steam into 
@erams water at 100... ... wee ee ee 
ae =s75= 
*, the number of calories given out by the conden- ; 
Sation of I gramsteam ... ... sso ens see oes —_ 
= 529 


The true value of the latent heat of vaporisation of water at 
100° is found to be 587 ; that is to say, in converting I gram of 
‘water at 100° into steam at 100°,no less than 537 units of heat 
are rendered latent. 


TABLE OF LATENT HEATS OF VAPORISATION 


WGA iin setee ey «= «837 Oil of turpentine 74 
FUCONG!.... ser vrs 202+ Bromine... 4 6h 
ANCE © iivmsey ese = «105+ iodine ... ... ssa 
Acetic acid ... ... 102 


It is seen from this table that the latent heat of vaporisation 
of water is exceptionally high, and greatly exceeds that of almost 
every other liquid, just as the value of its specific heat and that 
of its latent heat of liquefaction are higher than those of other 
liquids. 

In view of the fact that water exists in vast quantities in the 
Jiquid form on the surface of the globe, that its vapour is always 
present in the air, and that ice and snow are forms in which it 
is often found, there can be no doubt that the above exceptional 
properties of water are of the highest importance in maintaining 
a fairly uniform temperature on the surface of the earth. 


a 


EXAMPLES XII 
(z) Specific Heat 
Calculate in each of the following cases what the common tem- 
ure should be, assuming no loss of heat :— 


i, 50 gm. water at 51° C., added to 50 gm. water at 16° C. 
a ae 50° C. 93 if oy Se ees 

‘ii. 50 »” 95° F, ” ” ” 16° C, 
™ Bhtre ,, 69° C. Pen ©. sh gs tar: 


2. How many calories of heat are required to heat— 
i. 50 gm. copper from 0° to 100° C. (S. H. copper = 0°095) 


ii. 5° > D i 10° to 95° C. 39 ” »” 
iii, 25 gm. lead from 20° to 100° C. (S. H. lead = 0°03) 
mw oe iron from 20° to 100° C. oe EL Be 2 Gorn) 


Weight of chain ideas 90 gm 
Mebemperature of hot chain ... ... .. .. 99°C. 
ppwommme of cold water ...0 00.0 <0. case nse 100 Cs 


Temperature of cold water... ... .«. «. I§° CG. 
Temperature of mixture... .. .. «. I9 IC. 


4. If 200 grams of mercury at 100° C. are mixed with 100 grams of 
ter at 7° C., and the resulting temperature is 13° C., find the specific 
heat of mercury. 

_ 5. 10 grams of a certain substance are heated to 100° C. and placed 
in 75 grams of water at 4°C. The final temperature of the water is 
>C. Find the specific heat of the substance. 

6. Find the final temperature of a mixture of 100 grams alcohol at 
to’ C. and 100 ¢.c. water at o° C., assuming that the S.H. of alcohol 
is ‘6, and that the only heat change is an interchange between the 
cohol and the water. 

. Find the final temperature of 100 grams of water CEG TIENY. at 
C., seg eerEre into it 10 grams of copper nails at 100° C. (S.H. 
095.) 
ind the resulting temperature when 10 grams of water at 100° C. 
ed into a copper vessel at 0° C. weighing 100 grams. (S. H. of 
ould be the rise of temperature on dropping 100 grams of 
C. into too grams of water ato” C.? (S. H. of lead 
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10. How many grams of silver at go*if dipped into 100 grams alcohol 
at 10° would raise its temperature to 20° C, ? (S. H. of silver = 057; 
alcohol = ‘615.) 

11, What weight of mercury at 100° if mixed with 100 grams of water 
at O° would raise its temperature to 10° C? (S. H. of mercury = 4.) 


(6) Latent Heat 
12. How much heat would be required to melt 1 kilogram of ice 
without rise of temperature ? 


13. Calculate the latent heat of liquefaction of ice from the following 
data :— 


(i.) (ii. ) (iii. ) 
Weight of water... ... .».[TOO gm.| 70°5 gm.| 100 gm. 
56 re, + melted ice|I104°5 ,, | 76°3 ,, | 106% is 
Initial temperature of water | 21°44 C.! 21°°5 C. | 21°4 C 
Final 3 is | 17° Cl 13°°9 C. | ee 


14. Calculate the common temperature reached on mixing IO grams 
of ice at 0° C. with 100 c.c. of water at 80° C. 

15. How many grams of steam would be required to raise the tem- 
perature of 1 litre of water from 0° to 100° C. (L. H. of vaporisation 
of water = 537.) 

16. Calculate the latent heat of vaporisation of water from the 
following data :— 

(i.) (ii. ) 


Weight of cold water 100 gm. | 100 gm. 


Weight of calorimeter when cold... ... | I17°3 55 iv 7. 
9 29 9» Warm ... / 124°0 4, 144'I ,, 

Temperature of cold water... .., ...| 12°2C. 13°°8 C, 
‘3 Watm water ... .. al 50°4C. | sa aa. 


17. How much heat would be required to change I gram of ice at 
© C. into steam at 100° C. ? 


CHAPTER XIII 


SOLUTION 


THE SOLVENT ACTION OF WATER.—What 
occurs when a solid substance is placed in water? Place a 
lump of sugar in a small beaker of warm water. The sugar. 
crumbles down, melts, and disappears in the water. 

_ The sugar is said to be dissolved in the water, or to be 
soluble in the water. And this sort of melting and dis- 
appearing in the water is called solution, and the water is 
said to have a solvent action upon the sugar. But the 
sugar is not lost, for the water tastes sweet. Is there any 
change in weight ? 

Expt. 1. Is there a change in weight when sugar 
is dissolved in water ?—Warm some water in a beaker, put 
in it a glass rod, and cover it with a watch-glass. Place a piece 
of smooth paper with a few grains of sugar on the watch-glass. 
Place the whole on one pan of a balance, and counterpoise it. 
Carefully slide the sugar into the water, and stir until it is dis- 
solved. Is the weight altered? No. Pea 
All substances, however, do not dissolve so readily in water 
as sugar. ; 

Expr. 2. To find whether Plaster of Paris is soluble 
in Water.—Shake some powdered plaster of Paris in a small 
flask with water. The water becomes milky owing to powder 
in suspension. ‘The plaster seems insoluble. 

But does the evidence justify this conclusion? We know that 
e plaster 7s not all dissolved. Is it possible that some of it 
is dissolved? To settle this we must separate the liquid from 
the floating powder. This we can do by letting it stand, but that 
takes time. Can we not pour the milky liouid on some porous 
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material such as blotting-paper, which 
will allow the liquid part to run through 
while the floating solid particles are 
caught and retained on the paper? Try. 

Expt. 3. To filter the Milky 
Liquid containing Plaster of 
Paris.—Take a circular piece of a 
kind of porous paper called filter- 
paper. Fold it once across a diameter. 
Then fold it again in two. Open the fold 


Fic. 72. 


ed paper so that it 


forms a cone, as shown in Fig. 72. Place it in a dry funnel, 
the cone of which is larger than the Paper cone. It springs up 


_ SS ESS SSS EEE 
| SSS SS = — 


SS ——_ 


Ny ————— 
Oiimnitinm 


MMMM MMMM tite. 
Fic. 73. 


The plaster is retained on the paper, w 
runs through; this latter is called the 


if the paper does 
not fit the glass 
Closely all round ; 
alter the folding till 
it fits well. Now 
moisten the paper 


fm with water to keep 
y 


it in place. Place 
the funnel in the 
mouth of a flask, 
or in the ring of a 
retort-stand above 
a clean beaker. 
Take the flask 
containing the 
water which has 
been shaken up 
with the plaster of 
Paris. Pour the 
contents down a 
glass rod into the 
funnel (see Fig, 
73), and take care 
that the liquid does 
not rise above the 


top of the paper. 
hile a clear liquid 


filtrate. If the 


ae 
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; first few drops are not quite clear, pour them on the filter 


___ Ifthe clear filtrate is evaporated, the water will be driven off. 
_ Solid plaster of Paris does not evaporate into the air. It seems 
_ probable, then, that if the clear filtrate be evaporated, solid 
_ plaster of Paris will be left behind, if the water has really dis- 
solved any of it. 
Expt. 4. To find whether the Clear Filtrate contains 
_ Dissolved Plaster of Paris.—(1) Place a drop of the filtrate 
on platinum foil. Hold the foil by a pair of tongs over a flame. 


=| ——— 


—————— 
SSS 


Sor = 


MM HT) Se 


Fic. 75. 


A white stain is left. It is clear, then, that plaster of Paris is 
slightly soluble in water. ' 
(2) Pour some of the filtrate into a glass basin. Place the 
asin on a sand-bath (see Fig. 74), and heat it so that the liquid 
is evaporated without spurting. The volume of liquid gradually 
sens, and a white deposit crusts the basin. 
3) A still surer method for avoiding loss by spurting is by 
porating the liquid ona “water-bath.” The basin isin this 
> put on a beaker in which water is being boiled, as shown 
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PROBLEMS 


Examine the solvent action of cold water upon powdered nitre, salt, 
green vitriol, garden soil, gravel, chalk, Epson salts. 


SOLIDS IN NATURAL WATERS.—Do your results 
not bring out the fact that several substances which occur in 
nature are soluble in water? Then will not water which has flowed 
over or through the crust of the earth be found te have dissolved 
something? We can readily find out whether this is so. 

Expt. 5. To find whether Spring Water contains 
Dissolved Solids.—Take a clean glass basin.1 Measure 10 
c.c. of clear spring water by a pipette into it. Evaporate the 
water by placing the basin on a sand-bath or water-bath. After 
the disappearance of the water, a slight solid residue is seen to 
be left. 


PROBLEMS 


Find whether rain water, river water, sea water,? do or do not leave 
a solid residue on evaporation. 


You have probably found that while the rain water leaves 
little or no residue the sea water leaves very much more than 
the spring or river water. 

Then vazm water—z.c., water which has not been in contact 
with the surface of the earth—is almost entirely free from dis- 
solved solid impurity. Sfr7mg and river waters, on the other 
hand, are waters which have trickled through or over various 
strata of the earth’s crust, so that it is probable that much of the 
solid matter they contain has been dissolved out of the rocks 
and soil over which they have passed. This will account, too, 
for sea water containing so much dissolved matter. For the 
rivers flow down into the sea, carrying with them that which 
they have dissolved out of the earth, and as the water of the sea 
evaporates the solid material remains behind, just as in the above 
experiment. A snera/ water is a spring water which contains 
an exceptional amount of dissolved solids. 

Observe the following table. Why do some river waters 
contain more dissolved solids than others ? 


1 Or a watch-glass, 3” diameter. 
2 Sea water is supplied by most chemical firms. 
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SOLIDs IN GRAMS PER 100,000 C.C. OF NATURAL WATERS. 


» Rain ... average 3 grams. Lakes :— 
Rivers: — Loch Katrine .... 28 grams, 
a aoe we Thirlmere Sos py Basi 
a Irwell near source 8 ie Mineral Waters :— 

»» below Man- Vichy 42,0 os Rome 
: chester mee v3 Eau de Seltz .., 407R es 
= Rhine es 16-92", Sea Water :— 
Me Thames, at London, 40-45 ,, Black Sea... 1,770 tj 
- Jordan mes 906g Indian Ocean ... 3,400 ,, 
a ae North Atlantic 
_ Springs and Wells :— Ocean... 3,840 S 
i Average of 200 Dead Sea... 17,000) 255 
: Paes... ... 28 ,, 


We have seen that a solid residue is left when a water con- 
_ taining solid matter is evaporated. If, as we have really 
assumed, the whole of the dissolved matter is left behind, the 
water which €vaporates must be free from such impurity. 

_ Expr. 6. Can Pure Water be obtained by Distilla- 


_ tion ?—(1) Distil about 100 c.c. of sea water from a flask, as in 
q Expt. 6, p. 91. See that the water does not boil violently. 
_ Throw away the first 10 or 20 c.c. of the distillate, which will 


have washed out the tube and flask, and may therefore contain 
some dust. Then collect some more, and find whether on 
€vaporation 10 c.c. leave as much residue as before. 
little or none. 
" (2) Colour the rest of the sea water with a few drops of ink, 
__ and distil the coloured water. Is the distillate colourless? Yes, 
| We have, therefore, in the process of distillation a means of 
obtaining pure water from such water as sea water, which con- 
: tains much dissolved solid matter, and is unfit for drinking 
_ purposes. 
Rain Water is Distilled Water.—Distillation is always 
_ Occurring in nature. From the wide expanse of the waters of 
the ocean, evaporation is continually taking place. Leaving the 
dissolved matter behind, the water vapour ascends, to descend 
_ again in the form of pure rain water upon the surface of the 
earth. The rain which falls towards the end of a downpour in 
the country far fron the smoke of cities is the purest water in 
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HARD AND SOFT WATERS.—The differences which 
are found between the amounts of solid matter contained in 
various natural waters are notable, and of much importance. —_ 

Waters which yield a lather with difficulty with soap, SO that 
much soap is used up before its cleansing action can be utilised, 
are called hard. 

Expt. 7. To make a Soap Solution.'—Cut a piece of 
Castille soap so that it weighs Io grams. Cut it into thin slices, | 
and place them ina large flask. Add 400 c.c. methylated spirits. ? 
Warm gently, and shake until the soap is dissolved. Filter the 
solution into a litre flask. Wash out the other flask with a little 
alcohol. Add spirits so as to make the volume up to 1 litre. 
Store the solution in a Winchester pint bottle. 

Expt. 82 To compare the Hardness of Different 
Waters.—Fill a burette with the soap solution. Take a 
6-02. glass-stoppered bottle. Measure into it 50 C.C. of the 
laboratory tap water. Read the burette. Run into the ‘bottle 
1 c.c. of soap solution. Close with the stopper, and shake well. 
Place the bottle on its side on the bench. Is there a permanent 
lather? No! Then, add another I c.c. and shake, and proceed 
in this way until a lather remains right across the surface of 
the water for three minutes. Read the volume of soap solution 
added. 

Find in the same way what volumes of the same soap solution 
must be added in order to produce a permanent lather with 
different kinds of water—e.g., (a) rain water, (0) a river water, 

(c) a spring water. 
To quote some results :— 


q 
4 


50 c.c. of rain water required 24 c.c. soap solution. 
‘3 a certain spring waters, 34 ”» 
i another spring water ys 9 ” ” 
os a river water >. ie * 


Now the rain water had been found to contain very little dis- 
solved solids, while the river water contained a considerable 
quantity. It might appear, therefore, that avd waters are waters 
that contain much solid matter. But the two spring waters had 
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1 Lecture Table Experiment. 
2 This and other experiments may with advantage be performed by a few members © 
of a class before their fellows. : “ 


2 other, it would seem likely that the hardness of a water 
nds not only upon the quantity of dissolved solids, but also 
their nature. Test this :— 


PROBLEM 


| Shake up rain water with a little of each of the following naturally 
substances: take as much of the powdered substance as 


ae cover a sixpence. F ilter, and find the quantity of soap solution 
P q x Pp 
required to form a lather with 50 c.c. shaken with 


(a) soda, (4) gypsum, (c) Epsom salts. 


Again, some results may be quoted :— 


50 c.c. rain water shaken with soda required 2 €ige 
s ” ” gypsum ” 50+ C.c, 
a ae Epsom salts ,, ~* 50+¢.c. 


It is clear, therefore, that the presence of soda in a water will 
ot make it hard; the spring water referred to above which 
equired only 3} c.c. soap solution to form a lather as a matter 
of fact contained soda. On the other hand, chalk, or gypsum, 
or Epsom salts, will render a water hard. And it is the ex- 
erience of those who live in chalk or limestone districts that 
the well water is very hard. (There will be a further discussion 
of the hardness of waters containing chalk later: see Vol. II., 
A Research on Chalk.) 
E It is evident that hard waters are ill adapted for washing pur- 
_ poses, and that the softness or hardness of a town’s supply of 
water will greatly affect the annual consumption of ate in 
every household. 
_ Expr. 9. A Hard Water when boiled deposits a 
Solid Crust.—Take some water which you know to be very 
hard. Half fill a perfectly clean 8-oz. flask with the water. 
‘steadily for some minutes. Then pour out the water, and 
ne the inner surface of the flask. A thin film of solid 
r has been deposited wherever the water was in contact 
line the inside of a kettle in which hard water has fre- 
boiled, and note the fur on the sides. 
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Thus it is clear that a boiler in which immense quantities 
of water are heated will in the course of time become coated 
with a thick solid crust, if the water is hard. This leads some- 
times to dangerous accidents, because the iron, if protected by 
the incrustation from the water, becomes greatly overheated. 
Hence, a water which contains a considerable quantity of 
solid matter in solution is generally ill suited for use in 
boilers. 

It may be added that soft waters are much better adapted than 
hard waters for cooking purposes, whether for making tea and 
bread, or boiling vegetables and meat. On the other hand, it is 
found that soft waters have the disadvantage of attacking metals, 
especially lead, much more than hard waters do. 


PROBLEMS 


Find the volume of soap solution required to form a permanent 
lather with 50 c.c. of a hard water which has been treated in each of 
the following ways :— 

1. Heated, and then tested while still hot. 

2. Boiled for a few minutes, and then filtered and cooled. 

3. Distilled. 

4. Shaken with a few crystals of soda, and then filtered. 


Do you not find that in each case the water has been rendered 
softer? The use of soda crystals in the laundry can now be 
understood. 

Make a summary of all the measurements you have made 
with the soap solution. 


THE SOLUBILITIES OF SOLIDS IN WATER.— 
Water, we have seen, can dissolve many different substances. 
Are all substances, however, soluble to the same extent in water ? 
Sugar is readily soluble ; plaster of Paris only slightly so. But 
we must make actual measurements with different substances. 

Definition of Solubility.—7%e solubility of a substance in 
water at any given temperature is measured by the weight of the 
substance which can be dissolved in 100 grams of water at that 
temperature. 

Expt. 10. To find what Weight of Salt can be dis- 
solved by Water.—(1) Half fill a 6-0z. glass-stoppered bottle 
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1. cold water. Add some common salt, and shake well. If 
entirely dissolved, add more until some remains undissolved. 
ote that it is impossible to dissolve an unlimited amount in 
e water. At the temperature of the experiment the water wil} 
y dissolve a certain amount of the salt. The solution is then 
dto be saturated. Allow it to stand. If the undissolved 
it does not quickly settle, filter the solution, Weigh an 
aporating basin or clock-glass. Carefully suck up 10 cc. of 
he clear solution into a pipette, and transfer to the basin. 
Evaporate the solution to dryness on a sand-bath. Weigh. 
Calculate the weight of salt dissolved in 100 c.c. of the solution. 
 Inan experiment, 

10 c.c. solution contained 3°04 gm. salt. 


(2) Notice, however, that in the last experiment we measured 
the weight of salt dissolved in 10 c.c. of the solution, not in to 
gramg of water. In order to find the “ solubility,” we must also 
weigh 10 c.c. of the solution in a flask. Thus, . 


. Io c.c. solution weighed 11°80 gm. 
Hence, 


1180 — 3'04 or 8:76 gm. water dissolved 3°04 gm. salt.. 


Therefore, 100 gm. water dissolved are x 100 gm. salt: 


= 34°7 om. salt. 


PROBLEMS 


_ Find what weight of each of the following substances can be dissolved 
100 grams of water, saturated at the ordinary temperature :—pow- 
ed nitre, garden soil, powdered gypsum. 


Do not your results bring out the important fact that sub- 
stances of common occurrence differ greatly as regards their 
‘solubility in water ? 

_ The Influence of Temperature upon Solubility,— 
‘Thus far we have only examined the solubilities of substances in 
vater at the ordinary temperature. _ But is it not possible that 
t higher temperatures the solubility of a substance will be 
lifferent from what it is at a low temperature? We must, then, 
study the influence of temperature. 


Pad 
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Expr. 11. Is Nitre more soluble in Hot than in Cold 
Water ?—One quarter fill a test-tube with water. de 
sufficient powdered nitre to saturate it at the ordinary temper 
ture. Then heat the test-tube in a flame. The undissolved 
nitre dissolves. Add more and more nitre. It can also be 
dissolved. Hold the test-tube in a stream of cold water from a 


tap, and at the same time scratch the inner surface of the tu 


1 
\ 
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with a glass rod. As the temperature of the solution falls, some — 


of the dissolved nitre separates out in crystals. ina 
Then, there can be no doubt that nitre is more soluble in hor 


water than in cold water. 


PROBLEMS 


Find whether powdered blue vitriol, alum, bichromate of potash, 
chlorate of potash, common salt, gypsum, are more soluble in cold or in 


hot water. 
* 


All are much more soluble in hot water than in cold water, 
except salt, which is scarcely more soluble in hot than in cold 
water, and gypsum which is even less soluble in hot water than 
in cold. 

Solubility Curves.—The results of careful experiments on 
the amounts of nitre or other solids which can be dissolved in 
joo grams of water at different temperatures can be best 


expressed by a graphical method. See Chapter XVIII, p. 179. 


Solutions of known Strength.—It is sometimes neces- 


sary to prepare a solution of known strength, that is, one con-_ 


taining a known quantity of a substance in a given volume. 
The method of doing this may be illustrated by an example. 
Expt. 12. To prepare a Solution containing 50 
grams of Nitre per Litre.—Your object will be to make the 
solution of the exact strength required without needless loss of 
time. Grind the nitre to powder. This will help it to dissolve. 
Heat a little gently in a dry test-tube. If any moisture con- 
denses on the side of the glass, this shows that the nitre is damp. 
In this case place the nitre in a basin over a small flame. Stir 
with a glass rod until dry. If the nitre is weighed on the 
balance pan or even on a sheet of paper, some may be lost in 


transferring it to the vessel in which the solution is made. — 
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nterpoise an empty beaker. Weigh into it 5 grams of nitre. 
id about 40 c.c. of hot water. You will naturally have saved 
e by putting water on to boil whilst weighing ; besides, any 
empt to boil cold water in a beaker at the bottom of which 
/a thick layer of undissolved solid is liable to crack the 
lass. [Why ?] Shake and warm until all the nitre is dissolved. 
Pour the solution into a 100 c.c. measuring flask. Rinse the 
eaker three times with warm water into the flask. The liquid 
now hot, and will contract on cooling. Run water over the 
side of the flask to cool it. Dilute carefully to the mark with 
Id water.! 
Is there any objection to filtering a solution before it is 
_ diluted? Could you get over the objection ? 

_ Ifa solution has to be both cooled and diluted, which should 
__ be done first, and why? 


_ Latent Heat of Solution.—You may have observed 
_ has appeared to become colder than the water was at first. 

_ Test this by means of a thermometer. 
Expt. 13. To find whether the Temperature is 
lowered when Nitre is dissolved in Water.—Take 
_ 30 grams of powdered nitre. Measure 100 c.c. of water into 
tumbler, and read its temperature. Add the nitre, and stir 
ipidly with the thermometer. Read the lowest temperature 
reached. State thus :— 
ti Temperature of water = 509° F. 
ja + solution = 45° F. 


a 


Fall in temperature = 14° F. 


‘The tumbler feels chilled, and dew may collect on its outer 
irface. 3 
__ How may this absorption of heat be accounted for? It will 

e recalled that heat becomes latent when a solid is melted 
ee page 87). And this experiment seems to show that when 
tre is broken up by being dissolved in water, heat is also 
tired, which can only be obtained from the liquid itself, and 
its temperature is lowered. Some of the sensible heat js 
lered /atent. 


Ask your teacher to test the solution you have made with a “‘ Twaddell’s hydro- 
r,”” to see whether it is of the right strength. 
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when some solids have been dissolved in water that the solution | 
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PROBLEMS 


Find whether there is any change of temperature when the following 
are dissolved in water. Take 30 grams of each and 100 c.c. of water :— 

Sal ammoniac, potassium chloride, salt, soda crystals, ammonium 
nitrate, Epsom salts. 


DISSOLVED AIR IN WATER.— Have you not noticed 


the appearance of bubbles on the sides of a beaker or flask in~ 


which water is being heated, before the water has begun to 
boil? These look like air-bubbles, and if they are such, the air 
must have been dissolved in the water. And if so, the air must 
be less soluble in hot water than in cold water, while the 

| reverse is almost al- 
ways the case with 
solids. This sug- 
gests heating alarge 
quantity of water till 
it boils, in order to 
see whether any air 
is expelled. 

Expr. 14. To 
find whether Air 
can be expelled 
from Water by 
Heat.—Fill a 16- 
oz. flask completely 
with water (prefer- 


and a glass tube 


Fic. 76. is flush with the 

lower surface of the 

stopper. Fill the tube with water, and then push the stopper 
well into the neck of the flask. Support the flask on wire gauze. 
Let the other end of the tube dip into water in a tumbler. 
Fill a test tube with water and invert it above the mouth of 


ably from a spring. 
Why?) Fit it with ~ 
a rubber stopper, — 


bent as in Fig. 76, : 
one end of which — 


the tube (Fig. 76). Proceed to heat the flask until the water — 


- 


j 
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Air is carried over into the tube. After boiling a few 
es, remove the burner. 
easure the volume of air collected when cool, and also the 
me of the flask. Calculate the volume of air obtained 
100 ¢.c. water. A certain spring water was found to 
aM 3 ¢.C. air per 100 c.c. water. What do you find ? 
Taste some of the water which has been boiled in the flask. 
Fis very flat and insipid. It seems likely that this is due fo 
loss Yo. the dissolved air. Now drinking. water is often 
at sea from sea water by distillation ; but such con- 
water is very unpalatable, unless it is afterwards exposed 
Streams to the air. If such water be then heated as in 
experiment, air is given off again. 
er, Since atmospheric air is necessary for the life of 
€ seems probable that it is the azr aissolued in water 
supports the life of fishes and of all aquatic animals. 


h has been boiled. 
We may, therefore, conclude that unless water is boiled or 
illed it will contain dissolved air, and th 
which is found dissolved in water is re 
mosphere. 


at the small amount of 
ally obtained from the 


SOLVENT ACTION OF OTHER LIQUIDS.—We 
ave up to the present studied the solvent action of water alone 
pon solids. But though water is by far the most important 
d common of liquids, there are many others in frequent use ; 
r example, ether and methylated spirits. Will the same 
stances dissolve in them as in water ? 


T. 15. To try the Solvent Action of Ether on 
wW.—We know from daily experience that fats and oils do 
dissolve in water. But will tallow, for instance, dissolve in 
r? Fill a burette with ether,! 
a small lump of tallow in a dry test-tube. Add about 
ther. Shake, and stir with a glass rod. The tallow is 


e care that no flame is hear, since ether vapour is very inflammable. 
may conveniently obtain ether from a burette, 


K 2 


IS confirmed by the fact that no fish can live in water — 


+ 


= gee - e 
a ee 7 


INTRODUCTION TO STUDY OF CHEMISTRY cx. xtt 


132 


The experiment shows that the solvent action of ether is very 
different from that of water. It is probable, therefore, that 
other liquids will also be found which will dissolve substances 
though they may be insoluble in water. Carry out Exercises 
g and 10 below. Tabulate your results. 


PROBLEMS AND EXERCISES 


Solution 


1. Find whether the substances A, B, C, D* are 


(a) soluble in cold water ; 
(6) more soluble in hot than in cold water. 
>. Find whether the following are soluble in water. In each case 
state the evidence on which you form your conclusion :— 
Sulphur, bleaching powder, pyrogallic acid, permanganate of potash, 
quick lime. 
3. Prepare solutions in water containing 50 grams per 1000 C.C. of 
Common salt ; Bichromate of potash. 


4. Measure out 50 c.c. of each of the solutions made in Exercise 3, 
‘nto a glass basin, and find the weights of the dissolved substances. 

5. Prepare a solution of common salt containing 58°5 grams per 
jitre. 
6. Prepare a solution of silver nitrate containing 17 grams per litre. 

7. From the solution made in Exercise 5 prepare a weaker solution 
jontaining 5°85 grams per litre. 

8. From the solution made in Exercise 7 make another solution con- 
jaining 5 grams per litre. 

g. Find whether the following will dissolve in ether at the ordinary 


temperature :— 


Paraffin Oil Iodine. 

Rosin. Water. 

Olive Oil. Methylated spirits. 
Lard. Nitre. 

Camphor. Salt. 
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10. Find the solvent action of (1) methylated spirits, (2) benzene on 


he substances given in Exercise 9. 


1 £.g. Pb (NOg)o KCl, Rochelle Salt, silica. 


: CHAPTER XIV 


CRYSTALLISATION 


STALLISATION.—In by far the larger number of 
the solubility of a substance in water is increased by in- 
of temperature. Consequently, in general, if hot water be 
ted with a substance, some of this substance will separate 
| the solid state when the solution is cooled. In many 
s it will separate out in crystals. 

Expr. 1. To recrystallise N itre.—Measure about 100 c.c. 
ater into a small flask and heat it. Weigh out about 60 grams 
Powder the nitre and dissolve it in the hot water. 
r the hot solution into a crystallising dish, and allow it to 
radually. When cold, pour off the solution from the 
Is which have forined. Transfer the crystals to some 
aper, and dry them by gently pressing them with other 
s of clean paper. What weight of crystals have you 
ed? About 4o grams should be obtained. Select a good 
crystal or bundle of crystals, and draw it twice the actual 


cumstances affecting Crystallisation. — Perfect 
$ are hard to obtain. The conditions of their growth 
wn by the following experiments :-— 

T. 2.—Prepare a warm saturated solution of nitre in a test- 
Divide it into two equal portions. Put one aside to cool 
Cool the other rapidly under the tap. Shake it, and 
: inside ot the test-tube with a glass rod. A fine crys- 
recipitate falls. In the first portion larger, pointed, 
like crystals will slowly form. In fact, when a solution 
owly, large crystals may form; shaking and rapid 
| to produce small crystals, 
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Expt. 3.—Dissolve some crystals of Glauber’s salt (sodium 


sulphate) in a very little hot water. Filter into a clean flask. 
Close the mouth of the flask with a plug of cotton-wool to 
exclude dust. Allow the solution to become quite cold, and 
avoid shaking it. It does not crystallise. Remove the plug 
Let fall some tiny specks of solid Glauber’s salt into the solution. 
Feathery crystals start from where the dust fell, and in a few 
seconds the flask contains a solid mass of crystals. This shows 
that dust particles tend to act as centres round which crystallise 
tion may start, and that from a strong solution crystals form all 
massed together. 

Expt. 4. To prepare good large Crystals of Alum.— 
Prepare a strong hot solution of alum by dissolving 15 grams of 
alum in 75 c.c. of hot water. Cool rapidly to make sure that it 
is strong enough to deposit crystals. (1) If a great many crystals 
are formed, pour off the liquid with only a few of the crystals. 
Heat gently until the crystals are dissolved. Filter the liquid 
into a crystallising dish. You have now secured a solution 
which will be sa/urated whilst warm, and able to deposit a 
small quantity of crystals on further cooling. Place a piece of 
paper over the dish, and put it away in a cool quiet place. 
Examine in an hour’s time. If many crystals have formed, the 
solution is still too strong. Suppose there are a few crystals. 


Leave them for twenty-four hours. Then pick out the six best. - 


Transfer them with a glass rod to another dish. Pour the cold 
“ mother-liguor” from which they were deposited gently over 
them, and put aside in a cool place. Arrange them so that they 
are not in contact. Try also suspending a crystal by a thread 
looped around it in some of the mother-liquor. After twenty- 


four hours examine them again. Remove any tiny crystals 
adhering to them. Turn them over so that they may rest on 


different faces. If the alum solution is able to evaporate 
slowly, it will go on enlarging these crystals. Notice that they 
are of an entirely different form from that of the crystals of 
nitre. 

(2) If the solution is too weak to deposit crystals, it must be 
concentrated, either by heating it, or by leaving it to evaporate 
for several days into the air. If, by heating it, too much water 
is boiled away, the crystals which form on cooling may be all 
massed together. To find out when the solution has been 
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boiled down just enough, take out a single drop of it on a cold 
_ glass rod, and wait to see whether this drop crystallises. Do 
not let the rod get hot in the 
solution, for if so the drop re- 
moved would evaporate on the 
_ hot rod, and crystallise before 
_ the bulk of the solution was 
ready to do so. 


The shape of a perfect alum 
crystal is that of the regular 
solid called the octahedron, 
_ bounded by eight flat sides or 
faces, each an equilateral triangle 
(see Fig. 77). In less perfect 
_ Specimens two of these faces are often enlarged at the expense 

Of the others. 

_ __ Almost every chemical substance has a certain shape or 
shapes in which it can crystallise. Draw good-sized crystals 


Fic. 77.—PrErFecT CRYSTAL. 


a 


Fic. 78. Fic. 79 


| of rock-salt and of calcspar. The crystals of salt are cudes, 
‘those of calcspar rhomés. On the other hand, crystals of 
itre are portions of six-sided frisms, with bluntly-pointed 
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EXERCISES 


1. Cut a soap model of a sugar crystal. 

2. Cut a cube of soap. Mark the centres of the faces with pins. 
Cut away the corners to the pins so as to leave an octahedron. 

3. Cut parallel slices off two opposite faces of the octahedron of soap, 
as indicated in Figs. 78 and 79. 

4. Make a cardboard model of an octahedron. 


WHAT IS A CRYSTAL?—But what is the distin- 
guishing feature of a crystal? It is a solid of definite shape 
bounded by flat sides or faces which reflect the light. But 
does a crystal differ from a piece of cleverly cut glass? The 
following experiment may suggest an answer. 

ExPT. 5. To show a Difference between a Crystal of 
Rock-Salt and a Piece of Glass.—Take a good crystal of 
rock-salt. Break it roughly with a hammer or in a strong 
mortar. Examine the fragments. They are all either little 
cubes or portions of cubes. Now break down a piece of glass 
rod in the same way. The fragments are of all shapes, and 
they appear to have no relation to one another. 


EXERCISES 


1. Crush a crystal of calcspar, and describe in words the shape of the 
fragments. 

2. Find whether crystals of potassium ferrocyanide are equally easily 
cut in all directions. 


The crystal of rock-salt seems then to possess definite lines 
along which fracture takes place, while the glass is broken as 
readily in one direction as in another. These lines along which 
the crystal can be readily broken or cut are called Zines of 
cleavage. A characteristic of a crystal seems to be that it 
possesses a definite structure. 

The existence of this definite structure is also impressed upon 
us by the fact that all the crystals of a given substance 
belonging to the same general form, for example crystals of 
calcspar, which are rhombs, have the corresponding angles 
equal. 
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_ Expr. 6.—To show that the Corresponding Angles of 
_ Crystals of Calespar are Equal.—Cut two slips of card- 
board. Fasten two ends together 
by piercing a pin through them, 
_ so that they can turn about the 
pin asa pivot. Choose two good 
_ ¢rystals of calcspar. Place them 
on the bench in the same relative 
| position. Take up one of the 
_ Crystals, and place it in the angle 
_ between the two slips of card- 
_ board, so that each slip lies along 
' a face of the crystal (Fig. 80). 
_ Hold the slips in this position. 
_ Now take up the other crystal, 
_ and see whether the correspond- 
_ ing angle in it will fit exactly 


_ into the angle between the slips of cardboard. It js found 


Eto do so. 


EXERCISES 


_ 1. Compare other corresponding angles on the same two crystals of 
 ealespar. 
2. Compare a third crystal of calcspar with one of those already 
taken. 
3. Compare corresponding angles of crystals of 
(a) rock-salt. , 
(6) alum. 
(c) chrome-alum. 


_ It is found that however the general shape of a crystal may 
_ be distorted che corresponding angles remain constant. 

This is well shown in snow-crystals, which assume many 
_ fantastic shapes, but they are all built up from a simple star 
_ whose rays intersect at 60°, 

__ The thought will readily occur that it is the s/ructure, spoken 
_ of above, which determines the outward form, And it might be 
pposed that a cube of rock-salt consisted of a very large 
_humber of very small cubes ; but this is not necessarily the 
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Expt. 7. To build Geometrical Shapes with a 
Number of Spherical Balls.—(1) Take a number of fives- 
balls or marbles, and pack them in a square so that one ball is 
touched by four others. To prevent the balls rolling, enclose a 
square by a cardboard rim fastened at the corners. Pile others 
in the hollows between the balls. Then add yet another layer 
of balls, and so on. Finally, half a regular octahedron is the 
result. Cannon balls are sometimes piled like this. 

(2) Arrange the balls in a triangle, the innermost ball being 
touched by six others. Place balls in the hollows as before. 
The result is the corner of a cude. 

A cubical crystal is, therefore, not necessarily built up with 
cubes. 

On the other hand, it may be stated that there is every 
reason to believe that the forms of crystals ave due to the 
symmetrical arrangement of the tiny particles which compose 
them. 


SEPARATION AND PURIFICATION OF SUB- 
STANCES BY MEANS OF CRYSTALLISATION. 
—We have found that substances differ greatly in solubility in 
water. It follows, therefore, that many mixtures can be entirely 
separated into their constituents by treatment with water. This 
will be most complete if one portion of a mixture is soluble in 
water while the rest is quite insoluble. 

Expt. 8. To separate a Mixture of Sand and Nitre. 
—7.e. to obtain from it all the sand dry and free from nitre, and 
some of the nitre dry and free from sand. 

Grind some sand and nitre together ina mortar. Place about 
10 grams of the mixture in a beaker. Add some of water. 
Boil. The nitre dissolves, while the sand remains undissolved. 
The finer particles of sand are floating in the liquid, but would 
in time settle. We could then pour off or deca? into a second 
beaker a liquid which would be a solution of nitre, muddy with 
the finest sand, leaving in the first beaker sand wet with a 
solution of nitre. This would be a rough but not a complete 
separation. The sand must be washed, and the solution of 
nitre filtered. 

Filter the muddy liquid. It is probably still hot, which is an 
advantage, since a liquid filters most quickly while hot. 
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recover the Nitre from the Solution.—lf we only 
some of the nitre, we need not wait for it all to run 
the filter. Evaporate the clear nitre solution in a 
re | basin on wire gauze until it is sufficiently concen- 
trated to deposit crystals ; then pour the solution into a small 
beaker, and cool it by floating it in a tumbler containing cold 


ter. Dry the crystals on filter-paper. 

) To clean the sand, which was left wet with the nitre 
ation. Pour a little hot water on the sand in the beaker. 
ake. If we wish to get all the sand, this washing must be 
n through the filter-paper. 

Nash similarly several times, 
transfe 


- 


tring the sand to the 
er. Some of the sand clings 


_ Obstinately to the side of the 
_ beaker. Use the jet of the 
-wash-bottle to dislodge the 
d, and wash it completely 
to the filter. Wait till the 
quid has completely run 
through the paper. Gently re- 
move the filter-paper from the 
el. Open it out flat, and 
eit on a pile of four filter- 
ers. Place the pile on wire 
uzé on a retort-stand ring 

yout six inches above a small 
flame to dry slowly (Fig. 81). Fic, 81. 

But even when both consti- 
lents of a mixture are soluble in water, it is possible to separate 
em, provided they are soluble in different degrees. 
Expt. 9. To separate Nitre from Common Salt_ 
ro Substances which are both Soluble in Water. 
gh both substances are soluble, they are not equally 
. Thus roo grams of water are able to dissolve 


> 
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at oC. at 100° GC, 
I2 gm. 247 gm. 
36 5; 3°: 53 


almost equally soluble in hot and in cold water. Nitre 
| than salt in cold water, but far more soluble in 
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hot water. What method would you suggest for separating 
nitre from a mixture of nitre and salt? Weigh out 30 grams 
of nitre and 30 grams of salt, and grind them together in a 
mortar. Measure 40 c.c. of water into a porcelain basin, heat it, 
and then slide in the mixture. Continue to heat with a small 
flame, and stir with a glass rod ; a white granular substance 
refuses to dissolve (what is it ?). Meantime heat a funnel fitted 
with a cone of filter-paper by pouring boiling water through it 
several times, and then at once filter the boiling solution, 
catching the filtrate in a small beaker. Cool the beaker by 
floating it in a tumbler containing cold water ; long needles of 
nitre crystallise out. When cold, pour off the mother-liquor as 
completely as possible, and dry the crystals on filter-paper. 
These crystals may, however, still contain a small quantity of 
salt. Redissolve them, therefore, in the least possible quantity 
of boiling water. Again cool ; much of the nitre again crystal- 
lises, but there is ample water to retain all the salt in solution. 
Dry the crystals on filter-paper. Find what weight of nitre has 
been recovered. 


WATER OF CRYSTALLISATION 


Try the following experiments :— 

Expt. 10. To observe the Effect of Heat on Crystals 
of Blue Vitriol.—Heat a few small crystals of blue vitriol in 
a small dry test-tube, holding the tube nearly horizontally. 
Observe that a heavy dew is deposited on the upper part of the 
tube, and at the same time the blue crystals become ashen grey 
‘and non-crystalline or amorphous. Steam also escapes from 
the mouth of the tube. Allow to cool: then add 4 or 5 drops 
of water to the residue in the tube. What do you observe ? 

It appears that heat drives water out of the blue crystals, and 
at the same time destroys their colour and crystalline form. 
The addition of water to the amorphous residue restores the 
blue colour. Can the crystalline form also be restored? 

Expr. 11. To attempt to recover Crystals by the 
Addition of Water to the Amorphous Residue.— 
Warm the test-tube containing the residue, to which a few drops 
of water have been added. Pour the hot deep blue solution into a 
watch-glass, and allow to cool. Crystals of blue vitriol are formed, 
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__ Then it seems that the crystalline form has been recovered, 
because water has been added. Moreover, the vapour which 
was given off when the crystals were heated must have been 
water vapour. Water which can be driven off by heat in this 
Way from crystals is called water of crystallisation, and 
generally the crystals can be re-formed by the addition of water. 
We shall find that there are many solid crystalline substances, 
eg. soda crystals, Epsom salts, ‘which contain such water, 
though there are others, e.g. nitre, calcspar, which do not 
e contain any water. 

a Expt. 12. To find the Percentage of Water of 
__ Crystallisation in Blue Vitriol.—Weigh a small dry 
porcelain crucible and _ lid. 
Add 1 to 2 grams of finely 
powdered blue vitriol. Weigh 
exactly. Place the crucible 
on a-sand-bath with the lid 
on (slightly tilted), pack it 
round with sand (Fig. 82) 
Heat it for twenty minutes 
with the flame about three- 
quarters of its full height. =] 
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Carefully remove the crucible {mun TTT oT oT: 
from the sand-bath so as to 
cool. Weigh. Re-heat for Fic. 82. 


ten minutes and again weigh, | 
and so on until there is no further loss in weight. Record 


® thus :-— 

3 NE soa. xs phils aan = 12°35 gm. 
_ Wvememe Of crucible + blue vitriol ... ... ... .. .. = 14°O3 5, 
; .. Weight of blue vitriol ... = 168 ,, 
E Weight of crucible + residue, heated 20 mins. ... ... = 1342, 
___~ Weight of crucible + residue, heated 10 mins. more... =1 3°48 5 
eT WOE sk te en ee ne = ee $9 
Hence, 1°68 gm. blue vitriollost ... ... ... 2... of 5 
++ Too.gm. blue vitriol fost... = OOF x 100 ,, 

. _ _ 36°08 gm. 


Do you find the same loss? 
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PROBLEMS AND EXERCISE 
Crystallisation 


1. Prepare crystals of the following substances :—Rochelle salt, 
chrome-alum, copper sulphate, ferrous ammonium sulphate, zine 
sulphate. 

2. Prepare crystals of salt by pouring a saturated solution of salt into 
a soup plate, and putting it where it may gradually evaporate undis- 
turbed and free from dust. 

3. Pour a dilute warm solution of sal ammoniac over a warm sheet 
of glass. Allow to cool. Examine the crystals which form with a 
microscope, and draw their shape. 

4. Find what happens when crystals of chrome-alum are placed in a 
crystallising sclution of common alum (potash alum). 

5. Make a mixture of chrome-alum and potash alum solutions. 
Crystallise. 

6. Make mixtures of the following substances, and then separate 
samples of the constituents by means of water :— 


Chalk and common salt. 
Nitre and charcoal. 
Sand and sugar. 


7. From the muddy liquid, containing a soluble and an insoluble 
substance,! separate the whole of the latter, clean and dry. 

8. From the given powder,” containing a soluble and an insoluble 
substance, separate the whole of the latter, clean and dry. 

9. Find the percentage of insoluble matter in the given mixture.” 

10. Separate from gunpowder the part which is soluble in water. 

11. Mix thoroughly 40 grams of chlorate of potash with (@) 40 grams 
potassium chloride, (4) 40 grams bichromate of potash. Refer to a 
text-book for their solubility curves. Then separate by crystallisation a 
sample of pure chlorate of potash from each mixture. 

12. Find the percentage weight of water of crystallisation in 100 grams 
of the following substances: A, B, C, D, E.° 

1 #.g. KCIOg and MnOg; KMnQOg and MgO. 

2 E.g. KgCrgO7 and CaCOsz ; KCIO3 and MnO.; NaCl and SiQs. 


3 The following are suitable substances : CuSOq .5H2O, ZnSOq. 7HeO, NasCOg, 
10H,O, MgSO4 . 7H20, BaCly : 2HgO. 
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CHAPTER XV 


RAW MATERIALS 


The Earth is the Chemist’s Storehouse,—The most 
careless observer cannot fail to conclude that the soil and rocks 
which form the crust of the earth are not everywhere of the 
same nature. The purple hue of Welsh slate, the transparency 
of Derbyshire spar, the sombre gray of Scotch granite, or the 
yellow sands of the sea-shore point to differences of material. 
The early alchemists understood this, and stored the different 
minerals and ores they found in the crust of the earth upon the 
shelves of their laboratories. They made experiments with 
them in their crucibles and alembics, and succeeded in producing 
many new substances. 

So, too, for us the earth is a storehouse, and we have but to 
search it for raw material. We may obtain common salt from 
Northwich, chalk from Dover, iron ore from Spain, or saltpetre 
from India. With these and other native or raw materials we 
may then make all manner of experiments and hope to prepare 
new substances. 

It will be wise, therefore, in the first place to obtain some of 
_ these materials, and proceed to examine them, noting points of 
_ resemblance and difference. We must carefully observe their 
appearance, forms, and their colours ; their taste and the action 
of water upon them may also be tried, and it will perhaps be 
useful to try the effect of heat upon each; then when a 


mineral is brought to us to be named we shall often be able 
to identify it. 


= 
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1. COMMON SALT 


Common salt is always present in sea water along with other 
substances, and for ages men have obtained it from the waters 
of the oceans. If sea water be evaporated, cubical crystals 
of common salt separate out. These must be purified by 
re-crystallisation. In warm climates the evaporation is often 
done in great basins on the sea-shore, and the crystals of salt 
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(ie 


. 


are raked off. “ Bay salt,’ which may be purchased through a 


chemist, shows the cubical crystals. 

Common salt also occurs as huge deposits of rock-salt in 
various strata of the earth. The chief of these in England is 
at Northwich in Cheshire, where there are two great beds 
of rock-salt, together nearly 60 feet in thickness. It is 
probable that this rock-salt was deposited ages ago by the 
evaporation of sea water. A common method of bringing 
the salt to the surface from these buried stores, is to bore 
down to them and to pour water into the boring. After lying 
in contact with the salt beds, the water becomes thoroughly 
saturated. The rich brine is then pumped up to the surface 
and evaporated. One hundred parts by weight of brine will 
yield about 23°5 parts of salt. 

Expt. Is Common Salt changed by Heat ?—Place 
a little common salt in a small dry test-tube. Heat it with 
a Bunsen burner. The salt is scarcely changed in appearance. 
If the salt be pure, no vapour is given off. Frequently common 
salt is moist; if so,a dew of water will be deposited on the 
glass. A crackling noise is also heard as the crystals break 
and fly into smaller crystals. If the flame is a good one, the 
salt may at last melt. 


2. CHALK 


Chalk is found right across England from Flamborough 
Head, along the Wolds of Yorkshire and Lincolnshire, past 
Newmarket and the Gog Magog Hills in Cambridgeshire, to 
Salisbury Plain. Thence it stretches in the North and South 
Downs to Dover and Beachy Head. Chalk has been shown to 
consist largely of the broken fragments of tiny shells or 
foraminifera, such as are now forming the gray ooze or soft 
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bed at the bottom of the Atlantic, on which the telegraph cables 
rest (see Fig. 83). . 
Expr. To find the Tiny Shells in Chalk.—With a 
camel’s hair brush dust the surface of a lump of chalk into a 
watch-glass containing some water. Carefully pour off the 
water from the watch-glass, and then fill it up again with water. 
In this way wash the dust again and again with water. The 
heavier particles sink to the bottom, the lighter are swept away, 
Examine the residue with the microscope. Real chalk must be 


Fic. 83. 


used for this experiment, not the soft “ chalk” used on black- 
boards. 

_ For further information the student is recommended to read 
Huxley’s “ Physiography ” on this subject. 

Expt. The Effect of Heat on Chalk: Formation 
of Quicklime.—Heat a little powdered chalk on platinum 
foil in a Bunsen flame. It does not change in appearance. 
Remove it, and allow it to cool. Taste a very small portion. 
It is very caustic, and not earthy like chalk. 

It has long been known that when chalk or limestone is ex- 
posed to a violent heat, it is converted into this caustic sub- 
Stance, called quicklime. 
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In chalk and limestone districts you may have seen the kilns 

_ in which quicklime is obtained by heatmg a mixture of chalk or 
limestone with a little coal. 

Limestone is the general name given to many stones which 

_ when burnt in a kiln yield lime. To include all such stones we 

. ought to call chalk and. marble limestones. A large part of the 


- Pennine Range consists of hard dark blue-gray stone streaked 
_with white, called “mountain limestone.” It contains numerous 
_ fossils of shells and corals, suggesting that it has once been mud 
_ at the bottom of a coral sea. It is found from Cheviot past 
_ VOL.1 | ‘ 


146 INTRODUCTION TO STUDY OF CHEMISTRY cHaP. — 


nn  ———— 


Crossfell and Ingleborough to the Peak. The streams which 
flow over it, like those in chalk districts, are hard. Their waters 
dissolve the rock into fantastic caverns. 

Another sort of limestone called Dolomite or Mage 
Limestone extends in a narrow band from the coast of Durham 


past Knaresborough and Pontefract in Yorkshire, to Notting- 
ham. 


3. SODA CRYSTALS 


Up to the beginning of the last century the sea-weeds cast 
up on the coasts of Normandy, Scotland, and Ireland were 
the only source of soda. The seaweeds were burnt, and their 
ashes—called 4e/f—were dissolved in hot water. On evaporat- 
ing the liquor, crystals of soda were obtained. It is now made 
from common salt in very large quantities and by more 
complicated processes. 

(1) Examine and describe some soda crystals. They are of 
irregular shape, white, and semi-transparent. 
(2) Taste a crystal. It has a peculiar brackish “alkaline” 
taste. 

(3) Shake a few powdered soda crystals with cold water ina 
test-tube. They dissolve extremely easily. Place a drop or two 
of the solution on the palm of the hand, and rub with a finger. 
It produces a soap-like sensation. Hence, the substance is 
called washing-soda, because it is found to have the same 
cleansing action as soap, but it is sometimes simply called 
soda. 

(4) Find the effect of heat on soda crystals. Proceed exactly 
as in Expts. 10, 11, and 12, p. 141. Do you not find that the 


crystals seem to contain a good deal of water of crystallisation ? 
How much? Nearly 63 per cent. 


4. POTASH! 


When land plants are burnt, an ash is left which contains a 
substance very similar to soda. This used to be done in large 
pots, and so the ash was called fof-ash. The ash was then 
treated with hot water, and the solution so obtained was filtered 
from any undissolved matter. On evaporating the solution, a 


1 Potassium carbonate. 
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crude potash was obtained. To purify it, it was. 


€ : , and then re-treated with water. 
(1 Examine and describe potash. It is a white granular 


crystalline powder. 

) Taste a little. It has the same alkaline taste as soda. 

) Try the action of cold water on it. It js extremely 
ble, and the solution produces the same soap-like sensa- 


) Find the effect of heat on potash in a small dry test-tube. 
Ss itmelt? Is vapour givenoff? No. Potash differs, in fact, 
ty from soda in not containing water of crystallisation. 


5. SALTPETRE OR NITRE 


n certain parts of India, the soil, after the rainy season, 
omeés covered with small crystals of a different salt from 
referred to so far in this chapter. This “salt of the rock” 
called sal Petre by the alchemist Geber, and is known at 
present day as saltfetre or nitre. To separate this sub- 
ice, the soil is scraped and treated with water, in which the 
= readily dissolves, and on the evaporation of this solution 
nitre crystallises out. 
(1) Examine and describe carefully the appearance of nitre. 
ce a drawing of a good crystal. It is a long 6-sided prism, 
| wedge-shaped ends. 
(2) Taste a small crystal of nitre. It has a bitter cooling 


) What has been found to be the action of water on nitre ? 

(4) The Effect of Heat on Nitre.—Place about 1 gram 
nitre crystals in a dry test-tube. Heat in a Bunsen flame. 
crystals melt, and the liquid seems to boil, and a number 
little bubbles are evolved. Allow to cool. It solidifies, 


ing a white opaque cake, which is crystalline unless the 
was heated a long time. 


6. SULPHUR 
brimstone (burning-stone) has been known since 
or it is often present in large quantities in 
This is particularly the case in the island of 
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Sicily, where it lies embedded in the rocks. Examine a 
specimen of native sulphur. 

Sulphur, we have already found, is readily melted, and it will 
itself burn. In order, therefore, to separate the sulphur from 
impurities, it is only necessary to pile a heap of ore on the slope 
of a hill, and kindle the heap at the bottom ; the heat from the 
sulphur which burns is sufficient to melt the rest, and this 
trickles down and is run into moulds, where it solidifies. 

Expr. To prepare “Flowers of Sulphur.”—Fix a hard 
glass test-tube by means of a cork in the wide mouth of a lamp 


Fic. 84. 


glass, as drawn (Fig. 84). Place a few lumps of sulphur in the 
test-tube. Sling the whole by a string from a ring of a retort- 
stand. Heat the sulphur gently. It readily melts, forming a 
mobile pale yellow liquid (at 114° C.), and then it quickly 
darkens in colour, and becomes as thick as treacle: with more 
heat it again becomes a thin liquid, but it remains very dark in 
colour, and presently boils ; the temperature is then 448° C, 
The vapour passes into the globe of the lamp-glass ; much of it 
is condensed as a yellowish powder, but as the glass walls 
become hot, some may collect at the bottom as a liquid, which 
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quickly solidifies. The fine light yellow powder is called 
“flowers of sulphur.” 

This process is carried out on the large scale by boiling 
sulphur in an iron retort, G, and sending the vapours into a 
great brick chamber, A, 200 cubic metres in capacity (Fig. 85). 
After a time the walls of the chamber become so hot that the 
vapour is not condensed as flowers of sulphur, but as a liquid, 
which collects on the floor. It is then run out and cast in 
wooden moulds in the form of sticks. This is called roll 
sulphur. Thus the 
process is a distillation, 
and all impurities are 
left behind. 


Make the following 
simple experiments with 
some roll sulphur. 

(1) Examine and de- 
scribe a piece. Crush 
it gently with a pestle 
in a mortar ; it is very 
brittle. Notice a fresh 
surface, and observe 
that the lump is a mat- 
ted mass of crystals. oR 

(2) Heat a few small SSAC“ WKS 
pieces in a dry test- pee. 
tube, and notice the Fic. 85. 
changes it undergoes. 

(3) Invert a crucible lid on a pipe-clay triangle. Place a 
small piece of sulphur on the lid, and heat the lid until the 
sulphur catches fire. Notice the blue lambent flame, and the 
suffocating “ sulphurous” odour. 

(4) Find whether sulphur is at all soluble in water. It is 
quite insoluble.! 

The effect of cooling molten sulphur rapidly by pouring it 
into water is remarkable :— 


? Roll sulphur is, however, soluble in a liquid called carbon bisulphide. Shake 
some powdered roll sulphur with a little carbon bisulphide in a dry test-tube. The 
sulphur is dissolved. Pour the solution into a watch-glass, and let it evaporate in a 
fume-cupboard. Crystals of sulphur are recovered. 


¥ 
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Expt. To prepare “Plastic S: "— 
hard glass test-tube about one-third full with po 
sulphur. Fill a beaker with cold water, and invert a fi l 
Heat the sulphur cautiously, until it is a very dark mcaal iqu 
and then pour it in a thin stream into the water, round 4 
round the funnel. Lift out of the water the funnel with 
sulphur, and notice that it is no longer crystalline and k hard, bt 
soft and elastic like india-rubber. . ey 
That this curious substance is still sulphur, shoul 
different form, is shown by the fact that in a few day 
becomes hard and opaque, and like ordinary brittle crysta 
sulphur. This soft variety of sulphur is called ‘pl 
sulphur.” 
7. IRON PYRITES 


Iron pyrites occurs very widely in many different places. 
When pure it has a brass-like colour. Small quantities of it 
may frequently be found in lumps of coal. ; 

Examine a piece carefully. Perfect crystals of iron py 
take the forms of the regular solids ; the cube and the octahec 
are common forms. —_ 

Expt. The Effect of Heat on Iron Pyritenill 
Powder a small quantity, and heat it in a dry test- hee 
sulphurous vapour is given off, and a yellow deposit of sulphur 
is formed in the cooler part of the tube, while the mineral 
acquires a deep red colour. If the yellow deposit is h ‘ 
melts and moves up the tube. 


a. 


8. GREEN VITRIOL! 2 

When iron pyrites is long exposed to the air and moistu * 

greenish liquor is obtained. If the liquor is evaporated, ar 

green glass-like crystals form. These were known tot 

alchemists under the name of green vitriol” = 

At the present time large quantities of green vitriol ; 

obtained in this way from the pyrites occurring in the cc 
gee Lancashire. 

. Examine and describe come green vitriol. 
2. Taste a small crystal of green vitriol. at has a 
inky taste. 


1 Qalphate of iron. 2 + tate, glass. — 
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the action of cold water on it. It is readily soluble. 

> Effect of Heat on Green Vitriol.—Place a few 

Crystals in a dry test-tube. Heat cautiously in a flame. It 
melts, boils, and a dew of water is deposited on the cool upper 

_ part of the tube. Soon it becomes dry, and a hard white mass 
Pie Then heat strongly. A sulphurous vapour is given off, 

and the mass becomes red, where it is in contact with the glass. 

This red substance is used as rouge. 


9. BLUE VITRIOL 


= _ The drainage water from copper mines has frequently a blue 
colour. If such water is partially evaporated, and the liquid is 
_ then allowed to cool, fine blue crystals are obtained. These 
were known to the alchemists as blue vitriol. 

1. Examine and describe some blue vitriol. 

2. Do not taste blue vitriol. It is poisonous: 
‘3. - Try the action of cold water upon it. It is fairly soluble in’ 
' cold water, and much more so in hot water. 
4. What has been found to be the effect of heat upon crystals 
_ Of blue vitriol? See p. 141. 


10. SAL-AMMONIAC 3 


% A remarkable salt was prepared long ago in Egypt from 
~ camel’s dung. When the dung was burnt, a heavy soot was 
_ deposited, from which the salt called sa/-ammoniac was made. 

In those days, just as at the present time, it was widely used 

as a medicine. 

Later, it was prepared from the soot obtained when such 

animal refuse as hoofs, horns, and hair were heated. 
4 1. Examine and describe the appearance of sal-ammoniac. 
It consists of minute white crystals. | 
2. ‘Taste a small quantity. It is sharp and cooling. 
3. Try the action [eicianet cnr apnea solubles 
_ 4. The Effect $f gitAony Ag a 
jena amount of sal haha a 4 Rares a Ai MT TABRAR Y 
White fumes are given off. Finally fel cutwle4 Of the sal- 
ammoniac disappedrs from the bottom of the tube ; part has 
nin | into the aif, Wut muchsis found, on the cooler. part O50 


1 Ammonium chloride, 7 Retest tt 
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the tube. Examine some of this deposit: taste it, and try the 
action of water upon it It behaves in exactly the same way 
as the original substance. 

This is an example of what is called sublimation. The 
sal-ammoniac which has been re-formed on the side of the tube 
by the condensation of the vapour of the original sal-ammoniac 
is called a sublimate, and the original sal-ammoniac is said to 
have sublimed. 


PROBLEMS AND EXERCISES 
Raw Materials 


1. Describe fully a piece of slate. 
2. Describe fully a lump of granite. 
3. Describe fully the appearance of the substances, A, B, C, D, 
i, 2.) 
4. Find the effect of heat on the substances, G, IJ, I, J, K, L.? 
5. Identify the substances, M, N, O, P, Q, R.3 
6. Find whether any water is contained in the substances, V, W, X, 
OE a 
7. You are given a powder.” Describe 
(1) its appearance. 
(2) action of cold water upon it. 
(3) effect of heat in a dry test-tube. 


1 Wote for the Teacher.—The following are suitable substances, ¢ g. HgO, Hel, 
Pb304, NH,4NOsz, HgS, Sb2S3. 

2 ¢g. NaHCOs, Pb(NO3)o, ZnSO4, 7HeO, KCIO3, camphor, iodine, cobalt 
chloride, Rochelle salt. 

3 e.g. NaCl, KNO3, CuSO4, CaO, NH4Cl, NagCOsg. 

4 e.g. NagSO4 . 1oH20, Rock Salt, KNO3, KoCreO7, ZnSO4 . 7HgO. 
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CHAPTER XVI 


THE PREPARATION OF THE COMMON ACIDS AND ALKALIES 


_ THE Alchemists made numberless experiments with the raw 
_ Or native materials which they found ready for them in the crust 
_ of the earth, and learnt how to prepare many new substances. 
- Amongst these none have proved of greater importance and 
_ have found more frequent use than certain liquids which have 
_ strong acid or “alkaline” tastes. 

| We also must now learn how to prepare these liquids for 
_ future use, and how to distinguish one from another, by such 
_ Simple tests as we can discover. 


A. THE COMMON ACIDS 


1. Oil of Vitriol ! 


Expr. 1. Preparation of Vitriolic Acid from Green 
-s Vitriol.2— Weigh out about 10 grams of green vitriol crystals 
~ into an iron dish or porcelain basin. Heat over a flame, stirring 

with a glass rod until all water is expelled and a brittle white 
_mass is left. Break the mass into small lumps (but do not powder 
t). Introduce these into a small retort, a (Fig. 86). Support the 
‘fetort so that it can be heated by a naked flame. Let the neck 
dip into a little water in a test-tube, 6. Heat the retort at first 
with a small flame, and finally with the full flame for at least 
fifteen minutes. Remove the test-tube. Then turn the flame 
own gradually, so that the retort may cool slowly, but the 


experiment is almost certain to result in the destruction of the 
etort. 
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1 Sulphuric acid. 2 Lecture Table Experiment. 
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Is the water in the test-tube still merely water? Pour two 
or three drops into another test-tube. Taste these. The liquid 
has a very acid taste. This acid liquid, thus prepared from 
green vitriol, was called by the early chemists vitriolic acid. 
A better method of preparation has been discovered since the 
time of the alchemists, but this is not the place to describe it. 

- Transfer the residue in the retort @ on to a sheet of white 
paper. Observe that those portions which were most strongly 


heated have acquired a deep red colour. This substance when 
mixed with oil is used largely as a red paint. 

Expt. 2. Vitriolic Acid when heated gives off Dense — 
White Fumes.—Pour some of the acid prepared in Expt. 
I into a small porcelain crucible. Heat it over a small | 
flame. It boils down to a small bulk giving off steam. Then — 
the fumes become thick and white, and possess a pungent | 
odour, and the remaining liquid has an oily appearance. At — 
once remove the flame, and take the crucible to a fume-cup- 
board. On this account the acid is frequently called oil of 
vitriol. Another name for it, much used now, is Sulphuric 
acid. 

Expt. 3. The Mixing of Oil of Vitriol and Water.— 
Three-quarters fill a test-tube with water. Mark the level of 


sf 
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It sinks to the 
4 So the acid is heavier than water. Stir the water 


with a glass rod. Add the rest of the acid in the same 


Grasp the test-tube in the hand. The mixture has become 
hot, and steams. 


water were poured on to strong oil of vitriol ? Being 
, the water would float on the surface. The liquids would 
the bounding surface, and become very hot, hot enough 
© turn some of the water to steam, and throw the acid about 
vith explosive violence. Hence, never pour water on to strong 


xPT. 4. To show the Destructive Action of Oil of 
©101.— (2) Write a word with some dilute oil of vitriol with 
uss rod on a piece of pafer. Dry the paper thoroughly by 
y wafting it above a Bunsen flame. The paper is charred 
the acid was traced. 

Place about 10 grams of lump swgar in a tall beaker or 
“Add about to c.c. of hot water. Place the beaker on a 
or dish. Then add at once about to c.c. of strong oil of 
Il. The mixture blackens at once, and froths up. 

(€) Mix 1 or 2 c.c. of oil of vitriol with about 10 c.c. of water. 
the mixture on a small piece of z7nc in a beaker or basin. 
€ is a violent effervescence. The zinc is dissolved. 


@ on Sulphuric Acid.—(1t) Should any acid be spilt, throw on 
quicklime or powdered chalk, and mop up with an old duster. 
ver let the acid boil ; the fumes are very disagreeable. 


er the discovery of oil of vitriol the alchemists tried the 


of heating it with many substances, with the result that 


ere led to discover other acid liquids, as will be described 
course of the following pages. 


2. Spirit of Salt! 


cid liquid was obtained by the alchemists by 
mon salt with certain substances. Glauber, who 
1 Hydrochloric Acid or Muriatic Acid. 
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lived at the beginning of the seventeenth century, first prepared 
it from common salt and oil of vitriol, and it is always made at 
the present time from these. 

Expt. 5. Preparation of Spirit of Salt.—Weigh out 
about 30 grams common salt. Introduce into a litre flask. 
Attach a cork fitted with a thistle-funnel, and a delivery tube 
bent twice at right angles. Attach an inverted funnel, a, to the 
end of the delivery tube by a small piece of rubber tubing 
(Fig. 87). Support the flask upon wire gauze on the ring of a 
retort-stand, and place the funnel within a tumbler, & Add 
enough water to the tumbler 
to cover the mouth of the 
funnel. 

Measure out 30 ¢.c. strong 
oil of vitriol. Pour it little 
by little down the thistle- 
funnel on to the salt. Fumes 
are given off, and bubbles are 
forced through the water. As 
soon as all the acid has been 
added, heat the flask gem?ly. 
Soon the bubbles cease to 
come through the _ water.! 
After a time the water in the 
tumbler begins to fume 
strongly. As soon as this is 
the case, remove the tumbler and also the flame. Dilute the 
contents of the flask, and pour away. 

Has anything passed into the water in the tumbler? It seems 
probable from the way in which it fumes. Dip a glass rod into 
the water, and place a very small drop upon the tongue. It is 
very acid, and has a different taste from oil of vitriol. Where 
has the acid come from? The alchemists thought that it was a 
spirit which the oil of vitriol had driven out of the salt. They 
therefore called it spirit of salt. Later it was called muriatic 
acid, from the Latin »u77a, brine ; but the fuming acid liquid 
is now called hydrochloric acid. 


1 Care must be taken that the water in the tumbler does not rush back along the 
ee the flask. If it begins to do so, at once heat more strongly, or remove the 
tumbler. 
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a 
_ Expt.6. Is Spirit of Salt Volatile 2—Pour about Pele, of 
_ the acid into a porcelain dish. Heat it gently overa flame. Acid 
_ vapours are given off it, and it is soon completely evaporated. 
z Try whether spirit of salt will attack paper and zinc. 


3. Spirit of Nitre 
The alchemist Geber, who lived about the twelfth century, 
described an acid liquid obtained by heating nitre with green 
vitriol. Since the acid liquid was obtained by means of nitre, 


Fic. 88. 


it used to be called spirit of nitre. It js now usually termed 
nitric acid. 
Although spirit of nitre can readily be obtained by Geber’s 
_ method, it is now usually prepared by heating nitre with oil of 
c. vitriol in place of green vitriol. Glauber first prepared it in 
4 this way, and he called it “spiritus nitri fumans Glauberi” or 
_ “Glauber’s fuming spirit of nitre.” 
___ Expt. 7. Preparation of Nitric Acid from Nitre and 
Oil of Vitriol.—Weigh out 20 grams of nitre, and measure 
out 30 c.c. strong oil of vitriol. Support a small retort on wire 
gauze, as shown in Fig. 88. Pass the neck into a small dry 
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flask. Support the flask under a tap or in a trough, and keep it 


cool with running water. | 
Slide the nitre into the retort, and pour the oil of vitriol in 


through a funnel, taking care that neither gets down the long 
tube of the retort. Replace the stopper of the retort. Heat 
gently. The nitre melts, and the liquid begins to boil. A ruddy 
vapour rises, and drops form and run down the tube. A 
yellowish liquid collects in the flask. Keep the liquid just 
boiling, but do not let the temperature rise unnecessarily. As  — 
soon as the liquid in the retort begins to thicken, remove the | 
flame. 

Pour the remaining liquid from the retort into an empty 
evaporating basin. Put it aside. On cooling it hardens into 
a solid mass. If this had been left in the retort, it would have al 
been rather difficult to get it out. Wash out the retort when 
cold. 

Can nitric acid be evaporated just as spirit of salt (hydro- 
chloric acid )? 

Expr. 8. Is Nitric Acid Volatile?—Tests for Nitric 
Acid.—(1) Pour about 5 c.c. of the liquid into a porcelain dish. 
Heat gently until the liquid is evaporated. Vapours are evolved 
possessing a peculiar odour quite unlike the fumes of oil of 
vitriol or of spirit of salt. 

(2) Place a small drop of the liquid upon a finger nail, and 
another upon the skin of the hand. Wash them off after a few | 
seconds. Bright yellow stains are left. 

(3) Place a small piece of copper in the liquid. Red fumes | 
are at once evolved, and the liquid becomes green or blue. | 

Show that oil of vitriol and spirit of salt do not attack copper 
in this way. On account of the corrosive action of nitricacid — 
it used frequently to be called aqua fortis (z.c. strong water). | 

Try whether nitric acid will attack paper and zinc. . 


4. *Vinegar or Acetic Acid 


Acetic acid is another acid which is frequently used, and 
therefore may be mentioned here, although it is not prepared 
from any materials which are found native in the rocks or crust 


of the earth. It was the only acid known to the ancients. 
When beer or a weak wine such as Claret is left exposed to 


- quickly becomes sour. This is because the alcohol 
1 changed into the acid called acetic acid or vinegar. 

best way to convert weak wine into vinegar is the 
an “quick-vinegar process.” A large cask with perforated 
is filled with beech-wood shavings, which are moistened 
a little vinegar. Weak wine is then poured in at the top, 
it trickles slowly through the shavings, and the liquid which 


ohol is changed into vinegar. A kind of fungus called 
lerma acett is found on the shavings, and it is this which 
> presence of air effects the change. 

PT. 9. Is Acetic Acid Volatile ?— Heat about 5 Giese 


ir, which is quite different from that from any of the other 
Little or no residue is left. 


(B.) SOME COMMON ALKALIES 


We must now learn a little about some substances very 
ferent in character from the acids, which the alchemists also 
how to prepare. 


1. Caustic Soda 


It was found long ago that if a solution of soda crystals was 
ted with lime the solution changed in character and 
quired a very caustic nature. You will have an opportunity 
f trying this yourself later (see Volume Ih.). 
‘such a solution is allowed to stand till clear, and is then 
ated, a white non-crystalline solid is obtained. A piece 
solid or of the strong solution will quickly cause a blister 
en placed upon the skin. It also destroys vegetable fibre, 
wood or filter-paper. On this account it is called caustic 
1, and must be handled with care. 
uin a piece of solid caustic soda. Examine it, and see how 
it dissolves in water. 
ite with a large amount of water a little of a solution of 
such as is in a bottle on your shelf. Taste it, and 
| 2” nature. Wet your fingers with 


ts at the bottom is again and again poured down until all 


acid in a basin. Observe that the vapour has a very pungent ° 


eel soapy and slippery. Next time your 
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hands are greasy with oil, try washing them in a dilute caustic 
soda solution. They will become beautifully clean. A stronger 
soda solution would remove the skin as well as the dirt. 


2. Caustic Potash 


Another caustic solution is formed if a solution of potash is 
heated with lime. If the clear caustic solution is evaporated, 
a white solid is obtained which is almost exactly similar in 
appearance to caustic soda. Moreover its solution in water has 
a very similar caustic and alkaline nature. 

This substance is called caustic potash. It is usually sold in 
white sticks. 


3. Volatile Spirit of Sal-Ammoniac or Ammonia 


Expt. 10. Preparation of Spirit of Sal-Ammoniac or 
Ammonia.—Weigh out 10 grams sal-ammoniac. Powder it. 


Dry it by heating it gently in a basin on a sand-bath. Allow 
it to cool. Meantime weigh out 15 grams quicklime, and 
powder it. Mix the two together. Put the mixture in a large 
dry test-tube. Fit the tube with a cork and a delivery tube 
bent once at right angles. Attach an inverted funnel to the 
delivery tube. Support the test-tube on the ring of a stand, 
so that the funnel dips into a tumbler half filled with water, 
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with its mouth jus¢ delow the surface of 
e Fig. 80. 

Heat cautiously by wafting the flame about under the tube. 
At first bubbles of air are forced up through the water, and then 
these cease. Heat five minutes longer. Take care that the water 
in the beaker is not sucked into the test-tube. Then remove 
the beaker, and afterwards the flame. 
9 Observe the pungent and peculiar odour the water in the 
_ beaker has acquired. As this liquid was acquired by heating 
_ sal-ammoniac with lime, the early chemists called it the 
volatile Spirit of sal-ammoniac. It is now usually called 
- ammonia. 

_ Ammonia can also be prepared by he 
_ Indeed, this method of preparation was at one time so commonly 
used that the pungent liquid came to be known as “spirits of 
~hartshorn,” a name which js still common for it. 

© Expr. 11. Tests for Ammonia.—(1) Pour a little of the 
- solution into a porcelain crucible. Heat over a small flame. It 
is quickly evaporated, and the vapours possess the characteristic 
odour already observed. 


(2) Dip a glass rod in strong hydrochloric acid. Hold it in 


_the vapours arising from the solution. Dense white fumes are 
formed. 


the water, as shown in 


ating shavings of horn. 


- Repeat with a rod dipped in sulphuric acid and in nitric acid. 


4. Lime Water 


Expt. 12. Slaked Lime is somewhat 
Water.—Half fill a test-tube with water. 
‘slaked lime. Shake. The liquid becomes white and milky. 
‘The lime has not all dissolved, Perhaps some of it has dis- 
olved. Allow the test-tube to stand. The white mud, which is 
y in suspension, begins to settle. In time it will all settle, 
ind leave the liquid quite clear. To save time filter the liquid. 
Evaporate a drop on platinum foil. A white stain is left, show- 
ing that some of the slaked lime was dissolved. 
laked lime, then, is slightly soluble in water. The solution is 
ed lime water. Observe its alkaline taste. Lime water is 
ally prepared by shaking quicklime with water, and allow- 
I ; 


Soluble in 
Add some powdered 
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ing it to settle. The shaking is repeated to strengthen the 
solution. ‘The clear liquid is then decanted or syphoned off. 

The acid and alkaline solutions we have been studying are 
commonly spoken of as acéds and alkalies. 


PROBLEMS AND .EXERCISES 
The Common Acids and Alkalies 


1. Find the effect of evaporating the liquids, A, B,C, D, ae 
porcelain basin. 

2. You are given samples of the following pairs of liquids. Dis- 
tinguish the members of each pair. 


Oil of vitriol and nitric acid. 
Hydrochloric acid and nitric acid, 
Oil of vitriol and acetic acid. 
Acetic acid and ammonia. 


3. Find the effect of heating 1 part of nitre with 2 parts of green 
vitriol ina small retort the neck of which dips into a little water in 
a flask. 

4. Find the effect of heating sal-ammoniac with oil of vitriol, as in 
Expt. 5. 

5. Find the effect of heating Chile saltpetre with oil of vitriol, as in 
Expt. 7. 


© Note for Teacher.—e.g. NH4OH, Ca(OH)2, HpSO4, HCl, HNOg, CH3 - COOH. 
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CHAPTER XVII 


THE ACTION OF ACIDS AND ALKALIES UPON LITMUS—THE 
FORMATION OF SALTS 


CHEMISTS found 200 years ago that the acid and alkaline 
substances we have just learnt to prepare had a curious effect 
on certain vegetable dyes. Of these dyes /ztmus is one of those 
most readily acted on, and it is therefore very suitable for our ex- 
periments. It is a solid blue substance, which is extracted from 
certain kinds of lichen. 

Expt. 1. To make an Infusion of Litmus.—Weigh 
out about 5 grams of solid litmus. Grind it up in a mortar, and 
transfer into a flask. Half fill the flask with cold water, and 
shake well. Allow the powder to settle, and then pour off and 
throw away the liquor. In this way certain impurities are washed 
out of the litmus. 

To the residue add tooc.c. of water, and heat the flask nearly 
to boiling for a few minutes. Allow to settle! (if possible for 
Some hours in a warm place). Decant off the intensely blue 
solution from the sediment, and place the solution in a bottle. 

Expt. 2. To find the Effect of Acid and Alkaline 
Liquids on the Blue Litmus Solution.—Let us write 
down the names of the acid and alkaline liquids we have on our 
shelves :— 


Acid liquids. Alkaline liquids. 
Sulphuric acid. Caustic soda, 
Hydrochloric acid. Caustic potash. 
Nitric acid. Ammonia. 
Acetic acid. Lime-water. 
pe RES SESS. SUES oe TEES 


1 If time does not allow of this, filter a portion of the liquor. 
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Try the effect of each of these liquids on the blue litmus solution 
in the following way :—Fill one-third of a test-tube with water ; 
add 5 drops of the litmus solution by means of a pipette or piece 
of glass tubing; then add 5 drops of each liquid, and _ stir. 
Carefully observe any change in colour by looking down the 
tube. State the effect you notice in a table thus :— 


Liquid taken. Effect on the Blue Litmus solution. 


Sulphuric acid. Change to brick-red colour. 
Hydrochloric acid, 
etc. 


You have probably found that all the acid liquids turn the 
blue litmus solution red, while all the liquids possessing an 
alkaline instead of a sour taste leave the litmus solution blue, 
or render it still more blue. By this colour change, then, it seems 
that we can readily distinguish between an acid and an alka- 
line solution. But have no other liquids beside acid and alkaline 
solutions any colour effect upon litmus? This question must be 
tested by experiment 


PROBLEM 


Find whether blue litmus solution is affected by alcohol, benzene, 
a solution in water of common salt, washing-soda, or of any other 
substance you can think of. State your observations in a table. 


Expt. 3. To make Red and Blue Litmus Papers.— 
Take a strong blue infusion of litmus, some very weak nitric 
acid, and some very weak caustic soda solution. Divide the blue 
litmus solution between two porcelain basins. To one portion 
add a few drops of the dilute acid till itis just reddened. To the 
other portion add one drop of the weak caustic soda solution so 
that it has a blue colour. Soak pieces of blotting-paper in each 
solution. Dry them as on p. £39. Then cut them into strips, 
and keep in a glass-stoppered bottle. 
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PROBLEM 


Try the colour-effects of acid, alkaline, and other liquids upon these 
red and blue litmus papers, by putting drops of the liquids upon strips of 
each kind by means of a glass rod. State what you observe in a table 
thus. 


Liquid. 


Effect on Red Litmus. 


Effect on Blue Litmus. 


Sulphuric acid. _ No visible change. Red colour. 
Hydrochloric acid, 
etc. 


Expt. 4. To try the Delicacy of the Litmus Test for 
an Acid.—Add a cubic centimetre of strong sulphuric acid toa 
litre of water. Shake well. The acid is now diluted one thousand - 
times. Put a drop onablue litmus paper. It is reddened. Find 
whether the acid can still be detected when this weak solution is 
made fo times and Ioo times weaker still. 

Expt. 5. To prepare a Purple or Neutral Litmus 
Solution.—Take some blue litmus solution in a porcelain 
basin, very weak acid solution, very weak alkali, and a pipette. 
Drop the dilute acid into the blue litmus solution, and stir 
with a glass rod until the colour is half-way between red and 
blue. Probably you will overstep the mark. If so, add the 
dilute alkali drop by drop very carefully. If the litmus changes 
in colour sharply from red to blue, weaken both the acid and 
alkaline solutions, and try again. 

You will at last succeed in getting a purple or neutral 
litmus solution, intermediate in colour between red and blue. 

To two portions of the purple or neutral litmus solution add 
acid and alkali respectively. One changes to red and the other 
to blue. Then, if we keep a stock of this one neutral solution, 
we can use it to detect both acids and alkalies, instead of using 
both red and blue solutions or papers. 

Keep the neutral litmus solution in a glass-stoppered bottle.! 


1 If the solution loses its colour, the colour will be quickly restored on removing the 
stopper and shaking the solution with a little fresh air. 
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PROBLEMS 


I. Prepare blue-purple and red-purple litmus solutions, intermediate 
in colour between blue and purple, and red and purple respectively. 

2. Find whether lime-juice, soap, vinegar, washing-soda, bicarbonate 
of soda, common salt, nitre, borax, milk, sour milk, etc., have any 
effect on neutral litmus solution. 

3. Find the effects of acids and alkalies upon solutions in alcohol ot 
methyl orange and phenol phthalein ; and upon infusions in water of 
red cabbage, logwood, and violet leaves. Fill one-third of a test-tube 
with water : add one drop of the solution, and then one drop of anacid 
or alkali by a pipette. 


THE FORMATION OF SALTS 


We have found that of the acids and alkalies known to us :— 

1. An acid reddens blue litmus, and leaves red litmus un- 
changed. 

2. An alkali turns red litmus blue, and leaves blue litmus 
unchanged. 

What will be the effect of mixing an acid with an alkaliin the 
presence of litmus ? 

Expt. 6. To find the Result of adding Hydrochloric 
Acid to Caustic Soda until the Liquid is Neutral — 
Place about Io c.c. of strong caustic soda solution in a basin. 
Add a few drops of litmus solution so that it is distinctly blue. 
Fill a pipette with dilute hydrochloric acid. Run the acid care- 
fully drop by drop into the basin, stirring continually until the 
colour suddenly changes from blue to red. Then add some 
very dilute caustic soda solution until the liquid has a neutral 
or violet tint. Test also with litmus paper. 

What is there now in the solution? Is it simply a mixture of 
the acid and the caustic soda? Suppose we find out what is 
left when the liquid is evaporated, for you will remember that 
hydrochloric acid, or spirit of salt as it used to be called, is 
volatile, so that we may expect to drive off the acid and have 
only the caustic soda left. 

Evaporate the solution on wire gauze until the residue is dry. 
There will probably be some spurting, but this does not matter, 
as we do not need to weigh the residue in this experiment. 
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Do you observe the escape of any acid fumes? Does the 
solution still remain neutral as it evaporates ? 

_ Do you recognise the residue? Has it the appearance of 
caustic soda? Dissolve a little in water in a test-tube, and try 
whether the solution is alkaline or acid. Taste a very small 
portion. Do you not find it to be common salt ? 

Here, then, is an unexpected and important result. By the 
neutralisation of caustic soda with hydrochloric acid we do not 
obtain merely a mixture of the two with properties which are 
__ between those of the acid and the alkali. On the contrary, we 
find common salt to be produced, a substance which is very 
different in its properties from either of them. Is a similar 
result met with when other acids and alkalies are “ neutralised ?” 


ag PROBLEMS 


Find the products on neutralising— 


I. 20 c.c. caustic potash with nitric acid. 
2. 20 c¢.c. ammonia with hydrochloric acid. 


* Evaporate each solution, till the residue is dry, in a basin over a 
- flame. Carefully examine and endeavour to identify the substances 

which you obtain by reference to appearance, taste, solvent action of 
water, and the action of heat in a dry test-tube. 


Salts.—You have probably found after carrying out these 
_ problems that in each case a solid crystalline substance is 
obtained, which is neutral to litmus and has a salt-like taste. 
Other neutral mixtures of acids and alkalies might be made, 
and in each case you would obtain a neutral saline product. 
These substances are called Salts. The term “salt,” then, as 
| we shall use it in chemistry, applies not only to common sea-salt, 
____ but also to saltpetre and sal-ammoniac, and to many others, 
-_ such as Glauber’s salt and Epsom salts. 

So far, then, as we can say at present a salt zs a substance, 
crystalline in appearance, saline in taste, neutral to litmus, which 
is obtained by the action of an acid upon an alkali. 

Old and New Names.—You have doubtless noticed that 
in the previous chapters we have sometimes given two names 
to the same substance—an old name, such as was used by the 
alchemists—and a new name adopted in more recent times. 
_ Fossils are records of the history of the progress of life on the 
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earth. Fossil names mark the progress of a science. For 
example “ Spirit of salt,” was the name given quite suitably by 
the alchemists to the volatile liquid obtained by distilling salt 
with oil of vitriol. The investigations of chemists during the 
last hundred years have however led to the abandonment of the 
name “spirit of salt” and the adoption of the name “hydro- 
chloric acid.” And because this latter name is the one that is 
probably to be found on the bottles in the laboratory, it will be 
more convenient to use it, although we cannot ourselves as yet 
attach any meaning to it, as we can do to “ spirit of salt.” Hence 
as a matter of convenience we shall adopt in many cases the 
more recent name, although as a matter of principle it would be 
better to retain the earlier name until we have found out for 
ourselves the reasons for employing what is really the more 
suggestive name. 

The older names are still often used in commerce and in the 
household, while the more recent names find favour in the 
laboratory. 

Names of Salts.—Salts are named after the acids from 
which they are formed. Thus— 


Salts formed from sulphuric acid are called sulphates. 


$3 nitric acid »» nitrates. 
3 hydrochloric acid ,, chlorides. 
$s acetic acid 95 acetates. 


The salt formed from caustic soda and hydrochloric acid is 
called chloride of soda. Nitrate of potash can be made from 
Caustic potash and nitric acid. For reasons which will appear 
hereafter, chloride of soda is more often called sodium chloride, 
and nitrate of potash fotassium nitrate. 

Some of these substances may be recognised in taste and 
appearance as already familiar under other names. 

It will be convenient to have a list of these names of salts and 
of some other substances at hand for reference :-— 


TABLE OF SYNONYMS 


7 


Old or Household Names New Names 
Oil of vitriol, or vitriolic acid Sulphuric acid 
Spirit of salt, or muriatic acid Hydrochloric acid 
_ Spirit of nitre, or aqua fortis - Nitric acid 
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Old or Household Names 
Vinegar 


Washing-soda, mild alkali, or soda 


crystals. 
Caustic soda, or caustic alkali 
Potash 
Caustic potash 
Sal-ammoniac 


Spirit of sal-ammoniac, hartshorn, 


or ammonia 
Common salt 
Nitre or saltpetre 
Chile saltpetre 


_ Epsom salts 


Green vitriol 

Blue vitriol 

Chalk 

Quicklime 

Slaked lime or lime water 
Fixed Air 

Fire-Air 

Spoilt Air 

Inflammable Air 

Nitrous Air 

Volatile Sulphurous Acid 


New Names 
Acetic acid 
Sodium carbonate 


Sodium hydrate 
Potassium carbonate 
Potassium hydrate 
Ammonium chloride 


Ammonium hydrate 
Sodium chloride 
Potassium nitrate 
Sodium nitrate 
Magnesium sulphate 
Ferrous sulphate 
Copper sulphate 
Calcium carbonate 
Calcium oxide 
Calcium hydrate 
Carbonic acid, carbon dioxide 
Oxygen 

Nitrogen 

Hydrogen 

Nitric oxide 
Sulphur dioxide 


PROBLEMS 


I. You are provided with a stick of caustic potash and with some 
Strong nitric acid. Prepare a well crystallised sample of nitre. 
2. Try to prepare dry and clean crystals of a salt—sulphate of 


potash—from a stick of caustic 
3. Find whether the soluti 


neutral. 


potash and some sulphuric acid. 
ons A, B, C, are acid, alkaline, or 


SQbYy 


ollie) 


CHAPTER XVIII 
GRAPHIC REPRESENTATION 


Areas of Countries.—It is often difficult to read quickly 
figures which state the sizes of things, and the figures often give 
no clear idea to the mind. Thus it may be stated that— 


121,115 sq. miles. 
1,700,000 > 
under Native rule = 750,000 3 


Area of British Isles 
Area of Indian Empire 


2? %” 


Indian Empire 


LiL 


F 1G. go. 


But a much clearer picture of these areas 1s obtained it a 
diagram is made showing squares drawn in proportion to these. 
numbers as in Fig. go. 

1 The authors call the attention of teachers to Prof, Perry's “Six Lectures at 


Jermyn Street in 1899” (Eyre and Spottiswoode, 6d.), from which they have obtained 
some valuable suggestions, ; 
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National Income.—Again, look at the following statement 
the national income for the year 1900. 


Excise Ws st esx 43,100,000 | Stamps ... 2... 47,825,000 


Maem... ... ... 26,252,000 | LandTax ... 755,000 

_ Property and Income House Duty ... ... “1,720,000 
nee... ... ... 26,920,000 | Crown Land... ... 500,000 
Estate Duty .. ... 12,980,000 | Suez Shares ... ... 830,000 
Post Office ... ... 13,800,000 | Miscellaneous ws > 2,242,000 


Telegraph Service... 3,450,000 
ae £130, 384,000 


be eee | 
-Ome| I 


ae 
SS eee 
1 ES 
0 SSS 
4 8 EE ee 
1s 2a 
eee ee 
-- 4S SS Ce PRE 
5 SS ee 
fs BEE EEE 
Pe Fee 
SSS 08 
Sanna SES ee 
aS 
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land Tax 


Income Tax 
Telegraphs 
Crown Lands 
Suez Shares 


Miscelianeous 


Fic. 91. 
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I 


Large quantities like these are not easily grasped, but their 
relative sizes may be shown by drawing on paper lines propor- 
tional in length to each. The most convenient paper is what 
is called “squared paper.” This is covered with parallel 
horizontal and vertical lines at equal distances, and every tenth 
line is more distinct than the rest. On a sheet of squared 
paper draw a horizontal line, AB, along one of the thick lines. 
Then lines drawn at right angles to AB may be taken to repre- 
sent millions of pounds. If, as is convenient, the paper is ruled 
in inches and tenths of an inch, a line one inch long may be 
taken to represent 10 millions of pounds. On this scale of a 
line one inch long representing 10 millions of pounds, proceed 
to draw with a sharp hard pencil straight lines at nght angles 
to AB, to represent in order the above items of the nation’s 
income (see Fig. 91). Test the accuracy of your diagram by 
reading from it the magnitudes of the several items, and com- 
paring your readings with the above table. 


Barometric Readings.—The following numbers show the 
height of the barometer at York, in inches, on each day of 
October, 1899, at 9 a.m. 


October 1... ... 29°45 inches. | October 17 ... ... 30°34 imches. 
Stag ax. BOSG 8 .«. jose 
4 29°78 10 .. 4. gee 
sce sss. 20°99 20 0: «ss SO 
Sou 3s O14 ot... a 
Dees cus 3019 22 in. ae ee 
rf 30°20 23. ns 30S 
Bias 90°39 2A is iss BOOS 
Gis tn 9027 26 i.) an ae 
1G das vs JOSS 26... (cts a oe 
REs isc iss. JOO 7.) ae 
ae ee Ff SS iis ace eee 
oS as) acs SOFT a9... «. BOTS 
Mee as, GOIS 30... 3. ge 
Sei axe FOS St 1k oe 
163i) «sx -36°29 


These barometric heights might be represented by a row of 


31 straight lines, as in Fig. 91, all standing in order upon one ~ | 


horizontal line, but it will be sufficient to mark the /ofs only of 
these lines by points. Moreover, since each height exceeds 


stein dds tah 
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_ 29 inches, we need only represent the heights above 29 inches, 
and so make the diagram more compact. 

_ Begin, therefore, by drawing two lines OX and OY at right 
angles to one another (see Fig. 92), along two of the thick 
lines upon squared inch paper. (These are often called the 
_ axes). Mark every tenth line along OX, 10, 20, 30, and along 
_ OY mark O as 29, and the next thick line 30, and the next 31. 
_ Proceed to mark points on the paper with a sharp-pointed hard 
_ pencil to represent the above barometric heights. 


aaa Tree 
cau ober 1899! 
sma SaQmRBe So 
2am PEEL pe 
uaa CCC eee 
ama Se887-~SSS0S55 005 
azuaaa svaa CE cea 
16294 Pere NT tee eer 
Pri tte SReSReMRE 
FEE NP 
IN 
say dabena aN ENOSESUORERT SHEE 
Pryrec wim MIPISSIEY se 
PE PEE EEEEE EE EEE EEE 
pee Bae | Plata 
Peeper ea 
EERE SEE SCRE 
met i tt ce Beoeooe 

7 O 5 10 15 20 25 30 X 

a. Days of the Month 

e.° FIG. g2. 


Further, since the barometer changes continuously from one 
height to the next, we may indicate this by joining the points 
by fine, short, straight lines, as in Fig. 92, for according to 
the data we do not know how the barometric height may 
have varied during each twenty-four hours. The irregular 
line so obtained is called a barometric curve. 

_ Reference to a self-recording barometer would probably show 
that the height did not change between the successive readings 
uite regularly, as our curve implies. Sometimes the barometer 
3 read more often than once a day. Thus at the office of the 
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Daily Chronicle in London it is read four times a day ; the 
barometric curve consequently takes a more wavy appearance. 
This is shown by the thick wavy line in Fig. 93, which shows 
a Daily Chronicle weather chart for four days. 

Observe that there was no reason to join the tops of the 
straight lines in the Revenue Diagram (Fig. 91), because the 
lines in it represent afferent things, not one thing which varies 
continuously in magnitude. So also if we were to plot the daily 


6; Noow »% Min. ,% Noor »§ 
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rainfall we should not attempt to draw a curve connecting the 
measurements, since the quantity of rain changes abruptly, not 
continuously, from one day to another. 


EXERCISES 


In the following exercises plot the tabulated quantities on 
squared paper. In all cases state on the paper what it is you 
have represented, and also name the different scales. In 
choosing the scales avoid those which would make the diagrams 
either too large, too long or broad, or too crowded. 


1 From Gregory and Simmons’s &lementary Physics and Chemistry, Part 1., 
p- 141. 


ee ee ee ee ee ee ee 
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1. Annual Expenditure of Families. 


A. a 
Average of Twelve 

Average of Twenty ; 
Artisan Families. Middle Class 


Families. 

a | 415 £46'4 
AS ae 48°5 101 

se 8°8 51°3 
peeand Licht ....... ... 4°8 17°2 
a 1°5 9°3 
Education ais ieee — 16°3 
Travelling and I Holidays ve: | 13°6 41°6 
Charity a 4a -- 24°3 
Insurance oe _— 29°! 


ee eee 
2. food Expenditure in a Boarding School, 1899. 


ae... tet acs £2346 Dried Fruits : . $£24'0 

Meat and Fish ... ... 1011 6 Vegetables and Fresh Fruit $143 
Mee ce 5043 Coffee and Cocoa ... ... 244 
Ms 46 eee es =. 228°3 Sugar and nile 6 see; Wa OOO 
RN ie ccc ice nes 18 re) Rice <.. of ae Ges 
a eee 49°9 Sundries «..  ... i ae 


3. Expenditure of the British and Foreign Bible Society. 
(Founded 1804.) 


Se ee 4692 | 1854 0... se cee 
Sree ae 52. $1,000 ISOG cc ss te, 
BUSS east» 4s 94,000 BO ee a ieee 217,400 
BGs ics cs cx 84,200 1984-0550. 1 
ME te 5s. 85,800 | 1804 62. we 215,000 


4. Punishment Lines given in a School in successive weeks of 


a Term. 
Week 1050 lines. | Week 8 .. ... 2760 lines. 
2190 Daa’ ie OGG 
2210 i nt aa 
2000 i. oa ee 


Mon, is OS 
1845 RS ee is GO 
3280 


NSN Aub wd 4 
i) 
“I 
2) 


Mis. (56 
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5. Date of Appearance of Wild Flowers.’ (Average of 10 years.) 


The numbers give the date counting from January 1; ¢@.g., the — diag 
numbers I-31 indicate dates in January. sat 2 


ail ... «- 32 | Marsh Marigold 77 | Purple Orchis ... 124 


Ganstort =>... .52 | Cowslip ... ...° Bx Hawthorn... ... 135 
Primrose ....... 54 | Cuckoo-flower.. 95 Red Clover... 137 
Lesser Celandine 60 | Bluebell... ... 1 13 | Forget-me-not ... 148 
Sweet Violet ... 71 | Crab... .... 116 | White (ger ee 
Anemone... ... 76 | Upright Butter- Wild Rose a 
“ct Sa CC 
6. Barometric Readings at ei January 1884. 
yee eeaae g0'44 ins, |Jan. Ti \....... 29°81 ins. | Jan. 21 ...... 30°30 ins. 
Boe sts 30°16 3 Soe 30°32 = 29°98 
een. 29°89 eee 30°39 2S iscant 29°63 
DE sss 30°09 “eae 30°30 28 sissies 29°62 
Bit ree 29°98 Eo irivce 30°49 4, ee 29°41 
Disses 29°61 Ezy canis 30°60 20 sess 29°09 
ee 29°83 i: nese 30°54 27 ie 28°67 
Sime 30°04 ES cisces 30°54 2B csiay 29°25 
Oa. tas 30°08 S setest 30°48 ee 29°68 
EGP css 30°17 2B nines 30°28 30 axseus 29°54 
Bi: sincen 29°78 
7. Barometric Readings at York, December 1886. 
Tl Sag Ne 26°79 ins. |Dee. 12 |... 29°31 ins, | Dec Sian 30°35 ins. 
Bevis 29°86 (a ae 29°08 92 exten 29°80 
Bie xs 30°02 6 Speers 29°69 + eres > 29°62 
Bivenes 29°64 San 29°59 24. ictal 29°47 
ae 29°96 ere 29°18 5, 29°78 
a ie 29°62 BG wexaes 29°33 ee 29°81 
- sarees 29'21 i Aaa 29°64 + BORE 29°66 
By iiss. 28°34 ES eiseas 29°58 Se aa 29°69 
ee 28°18 BS. secuii 29°74 29 isin 29°78 
\° 29°08 BS cscnss 30°04 50 ical 30°30 
ST cikest 30°56 


8. ‘Maximum and Minimum Temperatures. 


Observed at Manchester, during parts of September and October, 1895. 
Plot on the same paper. 


Maximum. Minimum. 
ei OG is tie, ess Ga'9 Ba ee 
| re fe een ie ee ede 
22 70°°3 44°°0 
23 756 43°°7 
24 81°'2 6°*4 
25 79°°4 61°°6 
26 78°'5 54°°5 


ey 
*2 1 ie Ackworth, , Yorkshire. From 7he Natural Winey Jaci 1888, p. 176. 


&: 
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pea Sannin see a Sn 
Maximum. ; Minimum. 


Meee note SIS oe 58°'1 
me ee SQ ee 55°°3 
ee ON a ss, SOE 
Oe ee gage JOO ae 

ee ae. FE cree 52°°4 


et ae ee 82 Oe. 4S 
ee SES as 6 


9. Sunshine and Rain. 
Observed at Manchester, during parts of September and October, 1895. 


Sunshine. Rain. 
Hrs. Mins. Ins. 
Sept. 20 4 33 — 
21 Y aaa Y se 
22 8 48 = 
23 = - 56 — 
24 G59 O'O4I 
25 4 14 O’OI7 
26 4 30 0'032 
27 a 40 — 
" 28 7. 56 abe 
: 29 a... 32 — 
30 G .32 _- 
Cet: 1 -: 44 << 
a eect eeeeety 8 0°792 
A ee ite eee eee, O 43 ea a 
_ 10. Average Heights and Weights of Children. 
: Age ae Boys. | GIRLs. 
A | last birthday.) Height. Weight. | Height. Weight. 
e | 5 years | 41°74 ins. 41‘20 lbs. | 41°47 ins. 39°82 lbs. 
6 44°10 45°14 43°66 43°81 
7 46°21 49°47 45°94 48°02 
8 48°16 54°43 | 48°07 52°93 
a. 50°09 59°97 | 49°61 57°52 
10 52°21 66°62 51°78 64°09 
II 540! 72°39 53°79 70°26 
12 55°78 79°82 57°16 81°35 
a 13 58°17 88 26 | 58°75 QI'18 
= 14 61°08 99°26 | 60°32 100°32 
Me, 15 62°96 110°84 61°39 108°42 
3 16 65°58 123°67 61°72 112°97 
a 17 66°29 128°72 61°99 115°84 
: 18 | 66°76 132°71 62°01 11580 
, i From Annual Report of State Board of Health, Massachusetts, 1877, 


Be VOL. I * N 
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Pressure of Water Vapour.—On page 98 a table was 
given of the pressure of water vapour measured in millimetres 


1000 


900 


800 


yy Mercury 
x 
(2) 
te} 


o 
o 
je) 


a 
°o 
oO 


Fressure in Milliimetres o 


200 


100 


60° 70° 80 
Temperature in Degrees Centigrade 


a4 FIG. 94. 


.of mercury at various temperatures. This may be repeated 
here and somewhat extended. » 
“he 


_ 


Pressure Temperature Pressure 
Chace: 4° + WM, 60°C... 148° + mam, 
os, 19 is <. 293° Toe 
| y dee seer 80° ” ons 35457 eae 
| Diy eae OO yg ase BOR ee 
BAe 5s 100° 9 aoe 760° “Pe 
OI* — 4, 105" 53k GOD" es 
.. 1075° + 


€s upon squared millimetre paper, marking degrees Centi- 

e off along a horizontal axis, and mm. of mercury up ftom ~ 
along a vertical axis (see Fig. 94). Observe that a curved 

ne may be drawn sweeping through the points marked by 

se crosses. Endeavour to draw the curve.! Any fault in ~ eae 

he curve can be more readily detected if the paper is held in Bones 
ch a way that the eye can look a/ong it, close to the paper. 
e (see Fig. 94)— 

(1) That the s/ofe of the curve becomes steeper and steeper 

; the temperature rises : this shows very clearly that the pres- 

e of water vapour increases much faster as the temperature 


(2) That the curve enables us to find the pressure of water 
vapour at temperatures lying between those at which actual 
asurements have been made: e.g. the curve shows that the 
ssure of water vapour at 85° is measured by 430 mm. of 
cury. Values obtained in this way are said to be obtained 


interpolation. Thus the careful plotting of a few accurate 
Surements enables us to obtain many other values 


Solubilities of Solids.—It has been found in Chapter 


. 


that the solubility of a solid in water usually changes with 


change of temperature. This is seen in the following statement 
of the quantities of nitre, salt, and chlorate of potash, which 
be dissolved in 100 grams of water at certain different 
peratures :— 


Drawing a Curve through a Number of Points. ‘ 
sedles in at the points marked: bend a strip of whalebone or a 
ht edge round them, and then rule the line with a pencil. = 

curve freehand, keeping the wrist on the inside of the curve 
, so that the natural motion of th e wrist 
Ip in le curve. Sk 
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Nitre. Salt. Chlorate of Potash. 
| 
| 13 gm. 35°5 gm. 3 gm. 
21 358 4 
31 30°1 6 
45 36°4 9 
64 36°6 13 
86 36°9 18 
100 
37°2 24 
37°5 32 
37'8 | 40 
3 ae 49 
384 | 60 


The meaning of these numbers, each one the result of a 
careful experiment, can be best seen if they are plotted on 
squared paper. 

Along a horizontal axis on a sheet of squared millimetre 
paper, mark off temperatures from o° to 100° C., and mark off 
solubilities (z.e. grams of solid dissolved in 100 grams of water), 
from o to 100 grams up a vertical axis. Proceed to mark the 
measurements of the solubility of wztve by crosses upon the 
paper. Observe that a curved line might be drawn sweeping 
through the points so marked. Endeavour to draw the curve. 
This line is called the solubility curve of nitre. Similarly 
proceed to draw on the same sheet of paper the solubility 
curves for sa/¢and chlorate of potash (see Fig. 95). 

A solubility diagram is not only a record of experiments : it 
also supplies the key to many problems. This will be under- 

stood after working through the following examples :— 


EXAMPLES XIII 
| Zo be answered by reference to the diagram you have made. | 


1. How many grams of nitre will dissolve in 100 grams of water at 
4°, at 35°, at 45°? 

2, At what temperatures will 100 grams of water be just — by 
5 grams of potassizm chlorate, by 19 grams, by 55 grams? 

3. How much more chloraxe of potash will dissolve in 100 grams of 
water (i.) at 60° than at 15°, (ii.) at80° than at 55°? 

‘ ‘ 
i - 
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potash equally 


ty of chlorate of 


% 


of the three substances is the most soluble (i.) at 50° 
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7. At what temperature will 100 grams of water just dissolve (i.) 25 
grams of nitre, (ii.) 25 grams of potassium chlorate ? 

8. How much water will just dissolve (i.) 90 grams of nitre at 30°, 
(ii.) 20 grams of chlorate of potash at 80°? 

9. How many grams of nitre will crystallise out when a solution of 
nitre in 100 grams of water, saturated at 35°, cools to 10°? 

10. How could I make a solution containing 25 grams of chlorate 
of potash per 109 grams of water, using a thermometer but without a 
balance ? 


Volume of 1 gram of Water at Different Tempera- 
tures.—It is a fact of far-reaching importance that water has 


250 


aun Jy pea) | | 
T | [ [Vol 1gm) ofl | [i 
||| Water tidifferent!|1 
re an wi 
1-D00200 HH Loge r f4 
3 a E Beene fe 
S Bid" sd 
rae He 
150 = 
¢ | aie ao 
= = 1 |_| 
Ss | ix 5B ed 
Ss \ e 4 Cc] RE 
1-00D100- ep 1-4 
+ 
|| att} 
rE ae 
4 a 
50 2 a" 
|_| 
| | 
it eleleleieie) & "3 
—-— ) & 2 oe - -e 7° © aaa 
Temperature 
Fic. 06. 


at 4° C. a greater density than at o° C. This behaviour of 
water, as it approaches its freezing-point, is an exception to the 
almost universal fact that liquids contract on cooling. Water 
at 4° C. if heated expands, as we should expect. Now I gram is 
by definition the weight of 1 c.c. of water at 4° C., and therefore 


a 
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; . 
1 gram of water below or above 4° C. occupies more than I c.c. 


The following table shows the volume of 1 gram of water at 
various temperatures :— 


oC. 1000129 c.c. 6° C. 1°000030 c.c. 
y° 1000072 - 1°000067 

> 1 ‘000031 8° I ‘OOOI14 

~ I ‘000009 9° 1°000176 

4 I ‘000000 10° 1000253 

5° «000010 


These volumes differ very slightly in actual magnitude, only 
in the last three places of decimals ; but nevertheless, on plotting 
them, such scales may be chosen that the diagram shall be 
of a reasonable size, and so that the differences between the 
volumes shall be evident. It will be necessary to magnify the 
scale representing the volumes. Use squared inch paper; 
mark temperatures along a horizontal axis, and mark volumes 
along a vertical axis, letting each ot inch represent 0000010 ¢.c. 
Draw a curve through the points (see Fig. 96). 


Times of Sunrise and Sunset.—An almanac predicts the 
following times of sunrise and sunset for a part of September :— 


A. Bs 
Sunrise. Susset. 
SE a ec EAM. ws. ee OE 

se as i RO eee 
Be ee 4x cre vei sate eee eee 
reer © ses eae ee 
Mace. ccs eed RS ae tee 
| OO renee. 7 >. ves. dean eee 
BH icc rae Gah rma er 
eet tg ees sce - 549 ten. we 
ere iad, 9 sie ced Oe 
hie cas vee Sa BS he ee 
Mie snk, nex, Be see eer pe 
Mites crs BHO i ae ee 
TY ener Premert 
Ps, ise vas BO sii. ita eee me 
30 + Ok én” a” VSO 


Plot the predicted times of sérise on successive days upon 
squared paper, marking days of September, starting with the 


% 
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15th along a horizontal axis, and times starting with 5.30 
vertically up from it. (Express the minutes as decimals of an — 
hour.) Join the points marked, and observe that the joining 
line is not a regular curve (see Fig. 97, AA). Why is this? The 
times tabulated are not quite accurate ; they are only stated to 
the nearest whole minute. And, indeed, it will frequently be 


a a a 2 
N foe) o ° 


Hours of Sunrise and Sunset 


o 
ro) 


5:6 


1 17 18 19 20 21 22 23 24 26 26 27 28 29 30 


Days of Month September 
Fic. 97. 


found that a series of ”o/ guite accurate statements will give an 
irregular curve such as this. 

So, also, laboratory experiments involving measurements are 
certain to contain some errors, and if the observations are 
plotted, the joining line will be somewhat irregular. 

In such cases, if we are confident that the points ought to be 
connected by a smooth line, we may draw evenly among the 
points a smooth line. Proceed now to plot the predicted times 
of sunset: observe that a straight line may be drawn passing 
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evenly among the points (see Fig. 97, BB), ze. so that there are 


line represents the most probable connection between the times 
of sunset, and even enables us to see which of the tabulated times 
are incorrect, either too early or too late. 


Price Lists.—The price of any article frequently varies 
_ from time to time. A record of the price, which can be read at 
a glance, is afforded if the prices are plotted. Thus Fig. 98 is 
a record of the price of india-rubber from 1877 to 1898. It shows 
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that in 1877 the price per Ib. was about 2s. 2d¢., and in 1878 15. 11d, 
the lowest price in the series of years. In what years was a 
maximum price reached? 1883 and 1898. Between what two 
years was there the greatest change in the price? 1883-84. 

Again, the price of any one kind of manufactured article 
varies with its size. Suppose a manufacturer of Jantern screens 
wishes to publish a price list of various sizes. Suppose he has 
made screens 6, 9, 12, and 15 feet square, and arranged their 
_ prices thus :— 


@ecreenGicet square ... .. ... £1 § O = £1'25 
es Sis io eee tab ins I it}. 6.1375 
mate .,, HO PRG as ii  3 AO O 1350 
sue | Saar He boca oy, 6.6 6 6°00 


1 Quoted by Gregory and Simmons, from the Kew Bulletin, in Elementary 
Physics and Chemistry. : 


LS, 


as Many points on one side of the line as on the other. This 


yrs sae * 


Screen in Pounds 


f 
FEE 
Be boibe hea 
CA si 
ipod ed Sa 38 


Price o 


186 INTRODUCTION TO STUDY OF CHEMISTRY « 


Let him plot these sizes and prices on squared paper as in Fig. 
99, and draw a curve through the points. —.* 
Any point on the curve then shows the size and the probable 
price of a lantern screen. The manufacturer can now read off 


Free ot Lanse 
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J ze 
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H EREEPS 
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Side of Screen in Feet 


12 
FIG. 99. 


the probable prices of other sizes of screen ; for instance, he 
finds— 


ascreen 74 feet square should be priced 41 9 0 
” IO 55 9 9 99 See wes 26% 
” 14 55 9 99 ’ 5 & = 


This calculation of prices of screens in size lying defeveen 
those of which the prices are known is another illustration of 
the use of interpolation. 


Population.—The following numbers give the population 
of England and Wales at intervals of ten years during the roth 
century :— 


1801 


. 12,000,000 
1811 


. 13,897,000 


1821 
1831... 


8,893,000 
. 10,164,000 
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ISAT as ESIOT4, 000 1871-4 2, 22,712 
TAGE. 23... 500 T73928,000 1881... ... 25,974,000 
TOOT | 442\- «.» 20,066,000 1891 .,.  ~.» 20,003,000 


Plot these numbers on squared paper, and draw a curve 
lying evenly among the points marked, as in Fig. 100. 

From the curve we can state what was the probable popula- 
tion of England and Wales in any particular year between 1801 
and 1891. But also, by continuing the curve beyond the last 
plotted point corresponding to 1891, we can find out what it was 
likely to be in 1901, ten years after the last census in the Table. 
We see that in 1901 the population of England and Wales was 
likely to be about 324 millions.! Observe also that the slope of 
the curve becomes steeper and steeper as the years advance ; 
this means, of course, that the vate of zncrease of the population ; 
becomes greater and greater. | 


a Se ee ee ae eee. eee 


TT 


Paper for curve plotting is manufactured in squares 
of ;45 inch side, with every tenth line thickened ; also in square 
millimetres and centimetres ; also in larger squares as exercise 
books by the educational stationers. 

Paper ruled on the English scales, the square inch and its 
fractions, in great variety, of the best, is made by Messrs. 
Waterlow and Sons, Limited, 85 London Wall, E.C. Good ten- 
to-the-inch paper may be obtained from The Scientific Publish- 
ing Co., 53 New Bailey Street, Manchester. 

Good millimetric rulings may be obtained through Messrs. 
Williams and Norgate, foreign booksellers, Henrietta Street, 
Covent Garden. 

Some of the scientific instrument dealers stock useful quali- 
ties, ¢.g., Harris of Birmingham, and Reynolds and Branson of 
Leeds. The paper sold by the educational stationery shops is 
less accurate. John Bellows, Gloucester, can do good work, to 
order. 

Large sheets of “ design paper,” not quite so finely ruled, but 
in great variety of squares and oblongs, are used for lace 
designing in Nottingham, and may be obtained through 
stationers in that town, e.g, Messrs. Mounteney. 


1 According to the census taken on April 1, 1901, the population of England and 
Wales is now (1901) 32,526,075. 
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EXERCISES : CURVE-PLOTTING 


In the following exercises plot curves to represent the tabu- 
lated quantities. Those scales should be avoided which are 
obviously inconvenient. Scales should be so chosen that the 
plotted curve is not crowded in one corner of the paper. No 
exercise is completed until the scales and the names of the 
plotted quantities are clearly indicated on the paper. 


1. Grams of Solid dissolved in 100 grams of water. 


t 


Temperature. | Barium Nitrate. Potash Alum. Sodium Sulphate. 
; A iors OS ET 
oC 52 3°9 50 
10° 7° 9°5 Ke) 
20° 9'2 I5‘I pope i? ay 
30° 11 ‘6 42°60 40'0 
| 40° 14°2 30°9 48°8 
50 171 44°1 46°7 
| 60° 20°3 66°6 45°3 
70° 23°6 90°7 44°4 
80° 27° 134°5 43°7 - 
: aa 30°6 209 °3 43'I 
100 32°2 | g5/°5 42°5 
eS ee eee = a 
2. Pressure of Water Vapour above too C. 
Temperature. Pressure. Temperature. Pressure. 
too° C. ... 1 atmosphere. 165°°3 C. .... 7 atmospheres, 
412°°3 ae 3h $3 198°'8 1 ee “ 
120°'6 «3 x 201°'9 iv ee es 
133°°9 3 %9 204°"9 ve 17 
144° 4 9 207°°7 18 
152°°3 5 sd 210°°4 ves SO % 
156°'2 6 3 413°‘0 io a Pn 
3. Density of Water between 0° and 20° C. 
Shee... 099988 12 CO. i ee FO OGOSS 
§ Guy sev. O'99997 14° see bbe 2 RRGOOIO 
4° besa, — 200000 16° we - see) BQOQOO 
6° mes O'O0907. | 18° rie! cbse @OQGO4O 
8° ie kes 0'Q908S 20° s+ 11, 0°99807 


10° ne ke OQOOFS 
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4. Price List of Bottles, white glass, English, stoppered. 


Capacity:oz. 4 1-2 3 4 6 8 930 S32 
Price per doz. 4/- 4/6 5/6 6/- 7/- 8/- 8/6 10/6 12/- 14/- 15/- 
Does it appear that the price list has been correctly made 


out ? 


5. Price List of Basins, porcelain, Berlin, for evaporation. 


Diameter : inches 22 = 34 33 32 4 44 42 
Ramee, cach....-...  -/4 -/6 -/8 -/10 1/- 1/2 1/6 


6. Price List of Rubber Corks, solid. 


Diam. small end, in inches s 4% : .. 2a I «a ia 

feetee per GOZ.... 6k. ase 1/6 1/9 2/4 3/- 4/3 4/9 6/- 7/9 
Diam. small end, in inches if 14 1% 22 @ 24 2h ge 
Price perdoz.... ... ... Q/- 0/- 11/3 12/6 16/- 22/- 33 ag 


7. Price List of Filter Papers, Rhenish. 


Diameter incm. 4°25 5°5 7 9 II 12°6 1s 
Price per 1000 2/9 2/9 3/- 4/- 4/9 5/- 7/3 
Diameter incm. 18°'5 24 27 32 38°5 
Price per 1000 8/9 15/9 22/- 26/10 31/6. 


8. Population of Scotland. 


BOGE fy sss 40 1,866,000 1861... sus cue) SCRE 
_.. Sea P00) Pee 1871.63 4,” aa 
OSE sis) wv. ss. B, 964,000 T8820. kc ee 
PORE at es us = 696,000 189Ol ... 1. «i Rn 
Pee pis as . 2,889,000 


Estimate the population of Scotland in rgor. 


9. Premiums for Life Insurance.—To insure the payment of 
£100 at death, the Government requires the following 
yearly premiums to be paid throughout life. (Change 
the shillings and pence into decimals of £1.) 


~~ oa ee 


Premiums. Age of Insurer. Premiums. 


What premium should be paid if the insurance is made at the 
age of Io years? 


10. Conversion of Fahrenheit and Centigrade Temperatures. 


ar. = oO C. 46 3: = 60° 
= = to" 5 eee a Co 
=. = 20° 7G > 80" 
86, = 30 194, = 90" 
104 = 40 212 = 100 

a a. = = «= 50° ; 


By interpolation find 


(a) What C. temperatures correspond to 41° F, and 77° F, 
2) ”? F. 9 ”? Te C. ” 95° G. 


11. Logarithms of Numbers. 


Logarithm of 310 = 2°49136 
99 95 311 = 2°49276 
” x9 312 = 2°490415 
»” »» 313 = 2°49554 
” » 314 = 2°49693 


” »» 315 = 2°49831 


By interpolation find the logarithms (to 4 places of decimals) 
of 310°4, 311°8, 312°55, 314°12, and 314°86. 


12. Logarithms of Numbers. 


Number. Logarithm. Number. Logarithm, 
Dette us ... 6600 Cire ws ORS 
a, 0°301 Pe ire, ee 
: 0°477 8 ea ave OCR 
. oe 0°602 Deak vs, OBES 
0°698 IO as os is. FOCE 


By interpolation find the logarithms (to 2 places of decimals) 
of 1°5, 2°3, 5°8, 8°1, 9°26. 
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13. Zimes for lighting Cycle Lamps. 


January 21... ... 5.20 P.M, July 21 9.2 P.M. 
February 21... 6.24 August 21... ... . 8:80 
Match2t.;, .... 7.32 September 21... 7.1 
Aer 3... OF October 25.55 tees see 

Nay 28 s.." 2. 8.50 November 21 5-3 
TMBCOE Ass os 919 December 21 4.51 


14. If a smooth curve can be drawn among a series of plotted 
points, it is probable that there is a relation between 
the two sets of quantities plotted. Find whether there 
is a relation between the Distances of the Planets from 
the Sun, and their Times of Revolution round the Sun. 


Distance in Millions | Times of Revolution 


of Miles. in Days. 
(1S es ai 35 87 
a Se 66 224 
AAA ons ese aes 92 365 
Mars ee 141 686 
BMINGE cs aus aes 480 4,332 
SL Se a oe 881 10,759 
ROERUS 65 vey se 177% 30,688 
Sgt 2,775 60,181 


15. Find whether there is any connection between the quantities 
tabulated below :— 


Specific Heat. ** Atomic Weight.” 


Lithium ... ea 0°04 
a 0°29 
AMMINIGM ... 0 ws | 0°20 
, Pomssum « ... i 0'166 
Su Se O'112 
OMNG eit  eew 0°093 
ae ee 0°056 
ee ea ee 0054 
BOGGS 9 os uss | ves 0°054 
Sk rr 0°032 
Mercury ... | 0°032 
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_ 16. The Freezing-Point of Carbolic Acid.—Fills one-quarter 
_ of a narrow test-tube with pure crystallised carbolic acid. 

__ Plunge the bulb of a thermometer into it and fix the tube nearly 
horizontally in a clamp. Warm the tube very gently until all 

the carbolic acid is melted, but do not let the temperature rise 

above 50° C. Then allow the tube to cool, and read the 

temperature accurately every half-minute, until it falls to nearly 

30° C. Between the readings stir gently with the thermometer, 

but take care not to take the bulb out of the carbolic acid. Plot 

your observations, marking temperatures along the vertical 

axis. What temperature does the curve show to be the 

freezing-point of carbolic acid ?! 


17. The Freezing-Point of Sulphur.—Proceed as in No. 16, 


but take readings every 15 seconds, as the temperature falls 
from 130° to 100° C. 


18. The Freezing-Point of Paraffin Wax.—Proceed as in No. 


16, but take readings every 15 seconds, as the temperature falls 
from 60° to 4o° C. 


Note.— Interesting additional exercises may be obtained from 
Whitakers Almanac, Chambers’s Mathematical Tables, the 
_ Nautical Almanac, and from the daily newspapers. 


me 6 «The Sreezing-point of a substance is the temperature at which a substance 
_  femains as it is changing from the solid to the liquid state. 


EXAMINATION PAPERS ‘ 


ee a 


The following papers have all been actually set in schools as terminal 
examinations upon the subject-matter of this volume. Not more than 
two hours were allowed in each case. The average age of the Forms 
examined was not less than 134 years nor more than I5 years. 


(2) a 
1. What roughly represents (@) length of 1 decimetre ? 
(4) volume of 1 cubic centimetre ? 
How many grams are there in I ounce? 
2. Add, expressing the answer in grams and decimal of a gram :— 
1 Kgm. + 20 mg. +3 C.+5 D. +200 mg. 
3. Add, and express the sum in c.c. :— 
4 litre + 20 c.c. + 200 decilitres 


4. A tin measures 150 mm. high, 12 cm. broad, and 24 cm. deep. 
How many kilograms of water will it hold? 


5. If 1 metre of wire weighs 120 centigrams, what will be the length 
of 60 milligrams of the same wire ? 


6. Write out a list of the weights in a box where the least is 0’°OI gram 
and the greatest 100 grams. 


7. Draw a portion of a burette stem including the figures 10, 11, and 
12, and show the surface of water within it standing at 10°18 c.c. 


8. Describe fully an experiment which shows that a liquid expands 
when heated. 


re ep ee a 


a ae ae eee ee eee 


g. Write a description of a mercurial thermometer. What numbers 
mark the ‘‘ fixed points” on a Fahrenheit thermometer ? 

10. Draw the apparatus used to mark the boiling point on a ~ 
thermometer. 
11. Find (a) the C. readings corresponding to 122° F, and 14° F, 

(6) 55 Be ‘9 +s » 20°C. and <3"C. 
12. Describe some way in which the volume of a glass stopper could 
be found. 
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(2) 


13. If one end of a straw is dipped’ into some lemonade and you suck 
at the other end the lemonade ascends the straw. How do you account 
for this ? 


14. Describe in detail how to set up a mercurial barometer. What 
will be its usual height in inches ? 


Why does the height of a barometer change sometimes, 
(a) in the course of a railway journey ? 
(4) at the same place in the course of a few hours ? 


15. What differences are there between the two flames which can be 
obtained with a Bunsen burner? State exactly what kind of flame and 
what part of the flame you would use 

(az) to bend a glass tube, 
(2) to smooth the sharp edge of a glass tube. 


16, A beaker is full of powdered ice and a thermometer is plunged 
in it. State fully 
(2) what changes you will see, 
(4) what temperatures the thermometer will show if a flame is left 


under the beaker until all the ice is melted, and the water. 
formed finally boils. 


17. Explain what is meant by the statement that when certain sub- 
stances are heated ‘‘ physical changes” may take place. Give one 
example. 


18. Draw a Liebig condenser in section. 


(c) 
19. Find (a) the F. temperature corresponding to 18° C. 
4, ©. ‘4 7 ee gl 


20. How have you proved that there is a vacuum above the mercury 
in a barometer tube ? 

Why does the mercury stand so high ? Why does it not reach up to 
the top of the tube ? 


21. Describe what occurs on heating 


(a) tin in an iron spoon, 
(4) mercury in a glass test-tube, 
(¢) olive oil in a flask. 


22. Explain fully why the tumblers of water on the dinner table 
- sometimes become bedimmed with dew. 


23. Define or explain the terms— 
(a) the ‘‘ melting-pwint ” of a solid, 
(4) the ‘‘ solvent action” of a liquid, 
(c) the ‘latent heat of vaporisation ” of a liquid. 


24. Draw carefully a wash-bottle, 


- Jb ee 
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25. What do you understand by the terms ‘ hard” and “soft” as 
applied to water? What would be the effect on the “ hardness” of a 
“hard”’ water of— 

(a) shaking it with washing soda, 
(6) shaking it with gypsum, 

(c) boiling it, 

(d) distilling it ? 

26. 10 c.c. of a solution of salt were found to weigh 11°86 grams, 
and to leave 3°05 grams residue after evaporation, Calculate the amount 
of salt dissolved in 100 grams of water. 


(@) 


27. Define the “ relative density ” of a substance ? 

You are provided with an irregular lump of granite. Describe in 
detail two methods by which you could find its relative density. Which 
will give the more accurate result ? 


28. A glass stopper weighs 60 grams in air, 35 grams in water, and 
40 grams in spirits. Find the relative density of the spirits. 


29. A clear liquid is said to be pure water. Describe all the 
experiments you would make in order to prove whether it is so or not. 


30. You are provided with some surface soil, which contains a small 
quantity of nitre. Describe in detail how you would obtain from it 
pure crystals of nitre. 

31. What is ‘‘water of crystallisation”? Instance two kinds of 
crystals which contain it, and two kinds which do not. 

32. Calculate the solubility of potassium chlorate at the ordinary 
temperature if 16°14 grams of solution on evaporation are found to 
Contain 1°01 gram of the substance. 


(e) 
33. Plot the following barometric heights in pencil on squared 
paper = 

june ia, 30°16 ins. June 9... ... 30°35 ins. 
‘ 2 wk 29°94 55 ,> 10.2; eee oe ee 
oe. ee 30°24 5 » lit see 
one 30°14 45 >) 12 sn ee eee 
ee. 30°18 ,, 1) «413.0 eee eee 
sy. ee 30°23 55 >» ia 29°99 ,, 
one iP 30°30 ,, >» 1S eo ae 
ae 50°35 45 


34. Explain clearly how it is that (a) swmshzme, and (6) wend increase — 
the rate at which a wet road dries. 


35. When a long frost is followed by a few warm days the walls — 


inside a house are often found dripping with moisture. Account for 
this. 
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_ 36. You are provided with some muddy water. Describe in detail 
how you would prepare some pure water from it. 


37. Define a calorie, and the specific heat of a metal. 
Calculate the specific heat of a metal if :— 


Weight of metal Po Le Le 

Volume of water So. See 

Temperature of hot metal me  OOUE, 
. cold wate#: 24. ii ee: 
a water after experiment 15° C. 


38. Draw carefully the apparatus which was used to measure the 
latent heat of vaporisation of water. 


39. Ifthe L.H. of liquefaction of ice is 80, and the L.H. of vaporisation 


of water is 540, calculate the amount of heat required to change I gram 
of ice at 0° C. into steam at 100° C, 


(f) 


40. Four experiments were made to find the percentage of water in a 
crystal :— 
(az) 2°64 grams lost 0°65 when heated 

os ay fa 

oe. > nn OM, ,, 

(d) 2°06 >) >) 0°52 > ” 

Calculate in each case the percentage loss in weight, and also the 
average result. 


_ 41. If you were given a muddy liquid containing a soluble and an 
insoluble constituent, describe in detail the steps you would take :— 
(a) to separate the whole of the soluble portion, 

. (4) to obtain a specimen of the soluble portion 

in crystals, if possible. 

42. Describe how you would distinguish between :— 


_ Saltpetre and sal-ammonia, 

caustic soda and washing soda, 

sulphuric acid and nitric acid. 
43. Draw the apparatus required fo: the preparation of hydrechloric 
acid. 
Name the chemicals used. 
_ 44. What do you call the substance which can be made from hydro- 
chloric acid and caustic soda ? 
If the acid was in strong solution, and the soda in solid sticks, 
explain in detail how you would prepare a sample of the pure compound 
free from any admixture of the original substances. 


| 45. What are some of the properties of suiphuric acid ? What is the 
effect of warming it with some nitre crystals ? 


PRACTICAL EXAMINATIONS 


The following practical tests have all been terminal examinations 
which have been actually set in schools, The average age of the Forms 
examined was not less than 134 years nor more than I5 years. 


(a) 1 Hour 


-_ 


. Make a list of, and add up the weights on the pan of the balance. 
. Read the level of water in the burette. 


. Read the temperature of the running water. 


& WwW N 


. Measure the distance between the Ist and 1oth lines on your paper 


(a) in inches and decimal, 
(6) in centimetres and decimal. 


5. Add water to the measuring jar so that it contains exactly 86 c.c. 
6. Weigh the glass stopper. 
7. Weigh the beaker: then measure into it § times by means of the 


pipette 100 grains of water. What does the water weigh? Calculate 
what I grain of water weighs. 


(4) 1 Hour 


8. Read (a) the level of the liquid in the burette, 
(4) the volume of water in the measuring jar. 


g. Select a cork to fit the test-tube. Fit it with a glass tube bent 
¢wice at right angles. 


49. You are provided with a substance A.? 


(1) Describe its appearance. 

(2) Describe the effect of heating a small quantity in a dry test- 
tube. 

(3) Find whether it is soluble in water. State how you proceed. 

(4) Find the effect on the temperature of 100 c.c. of water of 
adding 30 grams of A to it, and stirring. 


ee 


1 AmCl. 


_~— 
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(c) 15 Hours 

11. Find the relative density of the glass stopper. 


12. Describe the appearance of B.! 
Heat some of B in a dry test-tube. Describe in detail what you 
_ observe. 


= 13. Find the percentage loss in weight when about 2 grams of B are 
___ heated in a crucible upon a sand-bath. 


_ 4. Find the action of water, both hot and cold, upon B. 
__ Prépare from B as large crystals as the time permits—both clean and 
_ dry. Describe your method. 
3 (2) 14 Hours 
15. Heat C? ina dry test-tube. Describe what occurs. 
"16. Identify the two solids D and E, and the two liquids G and H. 


4 17. You will be provided with a stick of solid caustic potash. Prepare 
_ 4 good specimen of the salt which can be obtained from it and 
sulphuric acid. 


(e) 14 Hours 
18. You are provided with a solution of a certain substance? :— 


(z) Find the relative density of the solution. 

(2) Prepare by crystallisation some of the dissolved substance. 
Leave a specimen for inspection. 

(c) Describe the appearance of the crystals obtained. 

(2) Heat some of the crystals ina dry test-tube, and describe 
in detail what you observe. 

(e) Find the percentage loss in weight when about 2 grams of 
the crystals are heated in a crucible upon a sand-bath. 


(7) 14 Hours. 
__ 19. Find the percentage loss in weight when about 2 grams of K4 
_ are heated in a crucible. 
: j 20. What is the action of water upon K? State what experiments 
_ you try. 
21. Separate from K a sample of each of the two substances which 
_ it contains. Describe your method. 


oe Sa — 


1 Powdered ZnSO, . 7H20. 2 Hglo. 
4 50 per cent. SiOz + 50 per cent. CuSO4. 5H20. 


3 ZnSO4. 7H20. 


SiGe SR re Go bree 


inthe ace co 
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ANSWERS 


EXAMPLES I, 


Metric Prefixes: Length. (Page 11.) 


50cm. 10. 12,345°6 cm. 
100 mm. 1%. .90. 

10,000 m. 12. 5000. 
1,000,000 mm. 13. 4 cm, 

o'r dm. 14. 2 Km. 
0000001 Kin. is. I20cm: 
4°56 dm. 16. 4. 

234,000 cm. 17. 40,000. 

o'9 cm. tae 


EXAMPLEs II. 


Metric Square Measure: Area. (Page 14.) 


100 sq. dm. | 6. 100 sq. cm 
10,000 sq. cm. 7. hi 

60 sq. cm. | 8. 25,000. 

24 sq. cm. | 9. 1963 cwt. 


625 sq. mm. 10. Ig} sq. yds. 


EXAMPLEs III. 


Metric Cubic and Capacity Measure. (Page 18.) 


1000 ¢.c. 9. 56,780 c.c. 
27,000 C.C¢. | 10. 1200 ¢.c. 
15,625 cu. mm. | II, 600 cu. mm. 
IOOO cu. mm. 12, 4320 C.c. 
1,000,000 c.c. 13. 2 litres. 

3000 c.c. 14. 400. 

200 C.Cc. 15. 324,000 litres. 


1'234 litre. 16, 84 days. 


E 
‘ 
> 
* 
% 
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EXAMPLES IV. 


Metric System: Weight. (Page 19.) 


I, 10dgm. IF. 25°202 em. 
2. 10mgm. | 12, 10234 gm. 
3. 7891 Kgm. | 13. 25 cc. 
4. O2 gm. ho ga ee om. 
5. O05 gm. / 15. 1150 gm. 
4 6. 6540 gm. 16. 8000 gm. 
4 7. ‘Ol gm. 17. = 3360 om. 
Re 8. 34 mgm. | 19, 268 6.6, 
9. 250 mgm. 19. 5 gm. 
3 10, 3°25 gm. ee es 
q EXAMPLES V. 
4 Metric System: Miscellaneous. (Page 21.) 
a 
2 (2) (c) 
Ig 20. | SE eae Cc, 
B50. | 4am SOS. 
3. 20 mgm. ; - 3S: 6 gm. 
4. 1370 gm. 16. £125. 
=. 2777°7 cm. per sec. 17. so m: 
6. OO gm. 18, °°23°9 Km. 
(4) | (2) 
7- 1450°632 m. 19. 2400°71 gm. 
* 8. 100 sq. cm. 20. 100 gm. 
: 9. 4°32 cu. dm. 21. 20 times. 
10. O°4 gm. 22. 50 gm. 
II. O°5 gm. | (Sge 1476 ein, 
12. 30°48 cm. | 24. 37°037 ounces. 
EXAMPLES VI. 
Burette Reading. (Page 35.) 
mA. 27. SSeS: 
Z D. 43. | K.. 13°32. 
3 <o O°7. La 1606S, 
: D. 830. M. 23°2. 
; E. 114. O. 46°8. 
F. 4306. P. 642. 
G. 235. Q. 868. 
H. 265. R. 680, 


© Ayr ts 
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Interpolation : Conversion of Thermometric Scales. 


63. 

rst. 
5°587 p.m. 
7301. 
77_¥. 

aa 4, 
GF. 
fon, 

35 C. 


Relative Densities of Liquids. 


147 gm. 
800 gm. 
0°862. 

1 ‘023. 
Water. 


Relative Densities of Solids. 


ee 
‘ Fete) 


i Pa 


EXAMPLES VII. 


| 
| 
\ 
! 


50° C. 
68° F. 
23° ¥F. 
40°'1 F. 
4°°4.C. 
- 10 C. 
— 20°C. 
1 R. 
68° F. 


EXAMPLES VIII. 


(2) 


EXAMPLES IX. 


| 
| 
| I 


5. 


Y oon ON 


oO. 


(Page 53.) 


O7A C..C. 
Hirst if cle, 
1°25 c.c, 
50 c.c. 

25 C.c. 


150 c.c. 
250 C.c. 
‘923. 
2800 gm. 
‘98. 


20 sq. mm. 


(Page 57.) 


8. 

22°8 gm. 
179y0%- 

LO os. 11}. 
50 oz. 

OOO! C.c, 


(Page 46.) 


hs 


Fey pm 


E2. 
13. 


VP PPS 
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EXAMPLES X. 


203 


Relative Densities of Solids. (Page 59.) 
2°s. 2 LEE. 
7°5: 4. 145 gm. 
EXAMPLES XI. 
Relative Densities of Solids. (Page 63.) se a a 
75. 6. 37°6 gm. a | be Wee 
a°%2. eo tbs J’ te Ps 
2°00. 3. 24. : 
262 | fae, 
Copper: 8°91. | geneae. t/ (a 7): 
\a x \ i 
EXAMPLES XII. \ ‘3 ie 
(a) Spectfic Heat. (Page 117., ee fe 
WN GF 
1. aa 5 C. } 4. 0°034 + wee 
Mm. 32 ‘41 C. | he neem. 
iii. 25° C. | eee C 
iv. 56°°8C. be eae C 
i. 475 calories. | See ae eC 
i. 493°75 » 9. 2° 9 + C. 
ili. 60 és | TO. 154°3 + gm. 
iv. 8800 __,, os Vie 2343°3 om. 


0057 +. 


(6) Latent Heat. 


(Page 118.) 


186°2 gm. 
i. 520. 
li. 515. 


717 calories. 


(Page 180.) 


80,000 calories. 15. 
= 75°4. 16. 
i. 78°5. 
iii. 80°6. ee vs 
65°°4 C. 
EXAMPLES XIII. 
Solubslity Curves. 
16, 54, 74 gm. | G, 


16°, 52°, 95° C. re 
(i.) 19 gm. 


(ii.) 19 gm. 8, 
, See 
(i.) Nitre. | 9. 


(1i.) Salt. 


I gram per degree, 
(i) 14°°5 C. 

(i) 61" C. 

(i.) 200 gm. 

(ii.) 50 gm. 

39 BM. 
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EXAMINATION PAPERS. (Page 194.) 


2. 1000°75 gm. 28... 2°65; 

3,. 20,520 c.c. 32. 6°6. 

4. 4°32 Kgm. 37- 0°094. 

meh. Cm, 39. 720 calories. 

i 40,) 50 C. and — to’ C, 40. (a.) 24°62 per cent. 
(4.) 68° F. and 23° F. (.) 25°25 - 

HO; \(a..) 64°'8 ¥, | (c.) 24°89 ” 
(2.) —5°C | CA ea 


Average = 2500 per cent. 
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CHAPTER |] 


THE DISCOVERY OF “ FIXED AIR is 


Is Atmospheric Air the only Kind of Air?—There Oe 
e, as we well know, many kinds of solids, which differ from __ 
ne another in appearance, in relative density, in melting point, = 
‘specific heat, in latent heat of fusion, and in many other Aba 
erties. Nor are we less aware of the existence of different + 
‘s of liquids. 
re there also different kinds of airs? We know that we 
€ in a vast ocean of air, invisible, but around and about us on 
y hand. Is this atmospheric air the only kind of air? Or 
we unaware of other airs, only because they are invisible, 
less, and vague? In view of the fact that there are so 
ny different solids and liquids, it would be very remarkable 
there were but one kind of air. We must at least admit the 
ibility of the existence of different airs, and it is very 
rable to follow up any line of inquiry which promises to 
to the discovery of any air different from that we breathe. 
The Discovery of ‘“‘ Fixed Air.”—As a matter of history, 
air differing from atmospheric air was discovered bya Dutch © 
mist Van Helmoné, who died in 1644. He gave it the name 
of gas. This word, now so familiar to us, was coined by him 
or the new air, and is undoubtedly connected with our word 
st, and the German word geist, a spirit. vies 
is discovery and experiments were, however, forgotten, and 
s left for Black, Professor of Chemistry at the University 
ees * Also called carbonic acid, carbon dioxide. Ce ioe oe 
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of Edinburgh, to establish in 1755 the existence of another air, 
differing essentially from atmospheric air. Let us now perform 
an experiment, which will give us the necessary clue to the | 
discovery of this air. 7 

Expt. 1. The Action of Acids upon Chalk —Place a 
small piece of chalk in a test-tube. Pour upon it a few drops 
of hydrochloric acid. A violent effervescence, probably due to 
the escape of an air or gas, results. Repeat this treatment 
with marble. There is a similar effervescence. te f. ul LA 

Expt. 2. To find whether a Gas is evolved by the 
Action of Acids on Chalk.—If a gas is really given off, 
bubbles will probably be seen if it is led through water. Test 
this point as follows :— 

Take a 4 0z. flask, and introduce a few grams of chalk (not 
powdered). Bend a glass tube, as represented in Fig. 1. 
Attach it as a delivery tube to the 
flask by means of a cork. Let the 
end dip below the surface of some 
water in a tumbler. Now remove the 
cork. Pour in about 50 c.c. of weak 
hydrochloric acid, and at once replace 
the cork. There is a violent efferves- 

Waa, T. cence, and at the same time bubbles 
are forced up through the water. 

Can we collect the gas? Fill a test-tube with water. Close 
the end with the thumb and invert the test-tube Place the 
mouth of the test-tube below the surface of the water in the 
tumbler, and then remove the thumb. The test-tube remains 
filled with water. Move the test-tube so that the end is brought 
above the end of the delivery tube. Bubbles rise up the test- 
tube, and displace the water. Repeat with mard/e. 

There can no longer be any doubt that a gas is evolved by 
the action of hydrochloric acid on chalk or marble. 

Expt. 3. Collection of the Gas obtainable by means 
of Marble and Hydrochloric Acid.—If we are to examine 
this gas, we must prepare several samples of it. The apparatus 
used in the last experiment has the disadvantage that more acid 
cannot be added without removing the cork, and so admitting 
also common air. This can be avoided by passing a funnel 
through the cork. 
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(1) Place a few lumps of marble (not powdered) in a thick 
glass bottle. Fit it with a cork, and pass through this a thistle- 
funnel, @, and a delivery tube, 4, bent as in Fig.4. Let the end 
dip below the surface of some water in a trough or basin. (A 
two-holed rubber stopper may be used with advantage.) 

(2) Filla glass jar completely with water. Cover the open 
end with a ground glass plate, and see that no air is included. 
Holding the glass plate on with the right hand, grasp the jar 


with the left hand, as in Fig. 2 


— 


Fic. 2. 


(3) Then invert the jar, and place its mouth (still closed by 
the glass plate) below the surface of the water in the trough, 
as in Fig. 3. 

Now withdraw the plate and allow the jar to stand on the 
bottom of the trough. Fill three other jars in the same way. 

(4) Pour water down the thistle-funnel until the marble is 
covered, Measure out 50 c.c. of strong hydrochloric acid. The 
commercial quality will do. Pour some of the acid down the 
funnel. Bubbles come up through the water. 

(5) Now place a jar on a little earthenware “ beehive-shelf” 
above the end of the delivery tube, as in Fig. 4. As soon as the 
water in the jar has been almost entirely displaced, slide it quickly 
to one side, slip a glass plate over the mouth (still below the 

B 2 
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surface of the water), remove the jar, holding the plate in posi- 
tion, and place it on the bench. At once place another jar over 
the delivery tube. Collect in this way five or six samples of the 
gas, and leave these standing mouth downwards on the wet glass 
plates. Put away the first jar which was filled. (Why ?) 

(6) Pour water down the thistle-funnel so as to stop the action. 
Pour the liquid away, leaving the marble in the bottle, and wash 
it once or twice with water. 

This method of collecting the gas is spoken of as collecting 
over water. It is a very convenient method, devised by 


a 


oO 
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Priestley, a chemist who made great use of it in the latter half 
of the eighteenth century. The trough or basin used in this 
method is often called the pneumatic trough (Greek preuma, 
air or breath). 

Black called the air or gas we have obtained from chalk and 
hydrochloric acid, ‘‘ Fixed Air,” because it appeared to be fixed 
in chalk in the solid state. Black said—] have given the 
name of fixed air, and perhaps very improperly ; but I thought 
it better to use a word already familiar, than to invent a new 
name, before we be more fully acquainted with the nature and 
properties of this substance which will probably be the subject 
of my further inquiry.” The name is so appropriate, as in- 
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dicating the preparation of the air by means of a so/zd substance 
and hydrochloric acid, that we shall use it until we find reason 
for a better name. 

But is Fixed Air after all only common air, or is it a different 
kind of air or gas? Has it the properties of common air? 


THE PROPERTIES OF FIXED AIR 


Expt. 4. To find whether a Splint or Charcoal will 
burn in Fixed Air.—(1) Turn one of the jars previously filled 
with Fixed Air mouth upwards. Remove the plate, and plunge 
a lighted splint into it. The flame is immediately extinguished, 


and the glowing part of the splint becomes black instantly. Is 
the splint injured ? Remove it and apply a flame. It is rekindled. 
Plunge it into the jar again. It is once more extinguished. 

(2) Bind some wire round a piece of charcoal. Heat it red 
hot in a flame, and at once plunge it into a jar of the gas. The 
glowing charcoal becomes black at once, as though plunged 
into water. 

Here, then, we find a difference between this gas and ordinary 
atmospheric air. And, further, were we to make the experi- 
ment, we should fini that no animal could live in this gas. 
It would be suffocated. 

Expr. 5. To find whether Fixed Air is lighter or 
heavier than Common Air.—If it is lighter, it will probably 
float above ordinary air ; if heavier, it will sink. Rernove the lid 
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from a jar, A, of the gas (Fig. 5). After one minute insert a burn- 
ing splint. It goes out. Now hold the jar upside down for a 
minute in the position B. Introduce the burning splint again. 
It still burns. Sothe gas which put out the splint has fallen out 
of this jar, and is Aeavier than air. 


PROBLEMS 


1. Try whether you can pour the gas downwards from a full jar into 
a small beaker full of ordinary air, as in Fig. 6. Can you show the 
presence of Fixed Air in the beaker ? 

2. Try the effect of pouring the gas downwards on to a lighted candle 
or splint. 

3. Try whether you can syphon the gas out of a jar down on to the 
flame of .a candle. 


The following is another effective way of showing that Fixed 
Air is heavier than common air. 

ExPT. 6.' Suspend two thin narrow beakers at the two ends of 
the arms of a balance. Counterpoise them exactly by adding a 
little sand to the lighter arm. Take a jar filled with Fixed Air, 
and holding it in the position shown in Fig. 7, pour its contents 
into the beaker A. The beaker A descends. Introduce a splint 
into A and into C, and observe that it is extinguished in A, but 
burns in C. 


1 Lecture Table Experiment. 


er 
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Expr. 7. Water can be charged with Fixed Air.— 
Fill an 8 oz. flask with water and invert it in water. Pass Fixed 
_ Air into it from a jar of the gas until about half full) Then 
placing the hand on the upper part of the flask, shake it briskly. 
In a few minutes the water absorbs the Fixed Air, and taking 
its place nearly fills the flask as at first. Water dissolves about 
its own volume of Fixed Air. 

To find whether the properties of water are altered by Fixed 
Air, run a stream of the gas through water in a test-tube. Cut off 


the curved end of the delivery tube used in Expt. 3, so that the 
gas can be led to the bottom of a test-tube half filled with water. 
After a few minutes taste the water. It has a pleasant faintly 
acid taste, like soda-water. Try its action on litmus paper ; it 
reddens the paper. Warm the water ; it begins to.effervesce. 


PROBLEMS 


1. Try the effect of Fixed Air on different liquids. Pass a slow stream 
of Fixed Air for about half a minute into a few c.c. of several different 
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liquids placed in turn in a test-tube. Take, for instance, hydrochloric 
acid, caustic soda, lime-water, very dilute blue litmus solution. Find 
in each case whether there is any wzs7b/e effect. 

2. Try the effect of atmospheric air on the same liquids, producing 
the current of air by means of an aspirator, or by sacking air through 
the liquid, placed in a small wash-bottle. 

3. Try the effect of forcing your breath through a glass tube into the 
same liquids. 

4. Place some clear lime-water in a watch-glass and leave it exposed 
in the open air. Do you observe any change ? 

Tabulate your results. — 


Fixed Air, Expired Air, Atmospheric Air.—Your 
experiments should show that hydrochloric acid and a solution 
of caustic soda are not visibly altered by any one of the airs. 
But dilute blue litmus solution is reddened by Fixed Air, and 
by expired air, while it is not perceptibly changed by atmo- 
spheric air. On the other hand, lime-water is at once made 
milky by Fixed Air, and very soon also by expired air, and even 
atmospheric air after some minutes produces the same effect. 

Then are Fixed Air, expired air, and atmospheric air one 
and the same air? Clearly they are not, for we have found 
Fixed Air and atmospheric air to differ in several respects. ; 
Fixed Air extinguishes a flame ; it is heavier than atmospheric 
air ; it is slightly acid ; it turns lime-water milky much more 
quickly. The explanation that Fixed Air, expired air, and 
atmospheric air all produce eventually the same effect upon 
lime-water seems rather to be that expired air and atmospheric 
air contain a small proportion of Fixed Air. This is, in fact, 
the case. ) 

10,000 parts of atmospheric air generally only contain 3 
parts of Fixed Air. Expired air contains 100 times as much 
Fixed Air as the atmospheric air breathed into the lungs. 
This Fixed Air present in expired air is derived from the blood. 
Fixed Air passes from the blood through the walls of the 
blood-vessels in the lungs out into the air breathed into the 
lungs, which is then breathed out again with its increased 
proportion of Fixed Air. A full-grown man will expire about 
14 cubic feet of Fixed Air every day. Fixed Air, as has 
been already stated, is fatal to animal life, and even when 
atmospheric air contains no more than 10 parts of Fixed 
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Air per 10,000, it should be considered far from pure, and it is 


likely to produce oppression, exhaustion, and headache. Enough, 
therefore, has already been said to prove the need of proper 
ventilation in all living-rooms, or in large halls where many 
people are gathered together. 

A Test for Fixed Air.—The experiments which have been 
made show that Fixed Air is most readily detected by means of 
lime-water, which is rendered milky by it. Even 3 parts of 
Fixed Air in 10,000 parts of atmospheric air have been detected. 

Exper. 8. To show that Chalk and Hydrochloric 
Acid also give off the same Fixed Air.—We have found 
that a gas is given off when hydrochloric acid is added to both 
marble and chalk. But is it the same gas? Fit a test-tube 
with a cork and a small delivery tube bent twice at right angles, 
which will reach to the bottom of a second test-tube, in which 
some clear lime-water is placed. Place in the tube one or two 
small pieces of chalk, and cover them with dilute hydrochloric 


acid. The gas which is given off bubbles through the lime- » 


water, and quickly turns it milky. So chalk and hydrochloric 
acid liberate the same gas, Fixed Air, as marble and the acid. 

The Source of the Fixed Air in Experiment 3.— 
While we have proved that chalk and marble with hydrochloric 
acid give off a gas which is different from atmospheric air, yet 
we have no evidence whatever to lead us to conclude whether the 
Fixed Air comes entirely from the solid, or entirely from the 
acid, or partly from one and partly from the other, or from 
both. We cannot at present say which is the case. 


But are chalk and marble the only solids which, with hydro- 
chloric acid, will evolve Fixed Air? And is hydrochloric acid 
the only acid which is capable of doing this? 


PROBLEMS 


1. Find whether whitening, limestone, calc-spar, sand, plaster of 
Paris, old mortar, oyster shells, egg shells, soda crystals, baking powder, 
do or do not give off a gas in contact with hydrochloric acid. Ifa gas 
is given off, find in each case whether it is Fixed Air. 

2. Find whether chalk in contact with sulphuric acid, nitric acid, or 
acetic acid gives off Fixed Air. 
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Laboratory Method of preparing Fixed Air.— 
Knowing now that Fixed Air is heavier than common air, we 
can devise a readier way of collecting it than that described in 
Experiment 3, which is also open to objection because some of 
the gas disappears into the water. 

Expt. 9. Collection of Fixed Air by Downward 
Displacement.—Attach to a bottle in which Fixed Air is to 
be produced a glass tube bent at right angles, so that it may 
reach to the bottom of a jar (Fig. 8). Place about 20 grams of 
marble in small pieces (not 
powdered) in the bottle. Add 
water first, and then an equal 
volume of hydrochloric acid. 
The Fixed Air which is evolved 
will collect at the bottom of the 
jar and gradually displace all 
the air. The jar is known to 
be full of the Fixed Air when 
a splint held just below its mouth 
is extinguished. ) 

This apparatus is to be used 
in future when Fixed Air has to 
be prepared. 
fats Summary. —The main re- 
sult, then, ‘at which we have arrived is that there are several 
bibsaniced which in contact with acids give off'a gas which 
is essentially different from common air, for a splint cannot 
burn in it ;-it is heavier than common air; it has an acid 
character. it renders lime-water milky, and water will dissolve 
an equal volume of it. This air we have named “ Fixed 
Air.” 

Black did not leave the matter here, but measured the amount 
of Fixed Air which could be obtained by means of a given 
weight of chalk, and subjected chalk itself to a thorough 
examination. 

We shall, for the present, however, leave the study of chalk, 
in order to follow up other lines uf inquiry, which were suc- 
cessfully pursued by a few chemists in the seventeenth and 
eighteenth centuries. Subsequently, when our hands have 
greater skill, and our faculties are better trained, we shall 
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return to Black’s famous research, which is a model of what an 
investigation should be. 


PROBLEMS 


1. Examine the air dissolved in soda-water. Open a soda-water 
bottle, and pour some of the contents at once into two gas jars. Close 
the jars with glass plates, and shake. Then test the air in one jar with 
a lighted splint. To the other jar add some lime-water, and shake. 

2. Collect some expired air in two gas jars standing over water, 
making use of a bent glass tube. Try whether a splint will burn in the 


air. ‘Test it also with lime-water. What do you observe? 


3. Invert a test-tube full of Fixed Air in a dilute solution of caustic 
soda, and shake gently. What de you observe? 


eo at lia oy 6” ee 
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CHAPTER TI 


THE STUDY OF FIRE AND AIR 


THE PHLOGISTIC THEORY OF FIRE.—We have 
all watched a bright fire, and delighted in the long tongues of 
flame, flickering and darting upwards, and we know that after it 
has died out dead ashes alone remain. What has occurred? Is 
the flame simply something escaping from the coal? Men used 
to think so. Or, again, take the following instance of another 
kind of flame. 

Expt. 1. The Burning of Magnesium.—Take a strip of 
magnesium ribbon Io cm. in length, and holding one end in a 
pair of tongs, kindle the other end. It burns brilliantly, and a 
white ash or calx is left. Is this dazzling light the evidence of 
something parting from the magnesium and leaving the calx? 

This idea, the first perhaps that is likely to occur to any one, 
agrees with one which was put forward in the seventeenth 
century by Becker, a distinguished chemist, and by Stahl, a. 
physician to the King of Prussia. They taught that all com-’ 
bustible bodies were compounds containing at least two con- 
stituents, and that when combustible bodies were burnt, one of 
these constituents escaped while the other remained. 

In the burning of the magnesium, for instance, they would 
have said that a combustible constituent escaped which had 
been contained in the metal. They gave the name “ phlogiston ” 
to this combustible constituent, and their Theory of Combustion 
was known as the Phlogistic Theory.! 

An advantage of this theory was that all cases of combustion 


1 They said Phlogiston was materia aut principinm wenis, non ipse ignis—the 
substance or principle of fire, not fire itself. 
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were looked at from the same standpoint. For it was con- 
sidered that all combustible substances contained the same 
phlogiston, and in the burning of a candle, an oil-lamp, a fire, 
sulphur, or a metal such as magnesium, they saw alike the 
escape of this phlogiston. 


y THE STUDY OF FIRE IN THE SEVEN- 
 TEHENTH CENTURY.—A result of the neglect of measure- 
ment, on the part of the early chemists, was that, although Fire 
had been an object of wonder and attention since the earliest 
ages, it was not until the middle of the seventeenth century that 
any real knowledge of the phenomenon was obtained. This 
we owe to a little band of chemists in Oxford.! It will now be 
our object, following their guidance, to begin for ourselves the 
study of Fire and Flame. 
Expt. 2. To observe the Effect of Heating Wood.— 
(1) Place two or three chips of wood in a porcelain crucible, 
-_ cover it with a lid, and supporting it in a pipe-clay triangle, heat 
_ itstrongly. Fumes are given off, which may catch fire and burn 
round the lid. When these cease, remove the flame, allow the 
crucible to cool, and then examine the contents. The wood has 
not been all burnt away, but it is left charred and very brittle. 

(2) Heat what is left in the crucible, this time without the 
lid. Watch closely. The charred fragments glow and burn 
away, leaving only a very light white ash. 

Why does the charred wood left in the first experiment burn 
away in the second? What do these two experiments seem 
to show ? 

Robert Hooke, one of the Oxford chemists, gave in 1665 the 
following description of the method of converting wood into 
charcoal :— 

“The body to be charr’d or coal’d may be put into a Crucible, 
Pot, or any other Vessel, that will endure to be made red hot 
in the Fire without breaking, and then cover’d over with Sand, 
so as no part of it be suffer’d to be open to the Air, then set into 
a good Fire and there kept till the sand has continu’d hot for a 
quarter, half, an hour or two, or more, according to the nature 
and bigness of the body to be coal’d or charrd, then taking it 


1 See Prof. H. B. Dixon’s address before Section B of the British Association, 
Oxford, 1894. 
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out of the Fire, and letting it stand till it be quite cold, the body 
may be taken out of the Sand, well charr’d and cleans’d of its 
waterish parts.” 4 

If, however, whilst the crucible is still hot, the contents are 
turned out upon an iron plate so that the body is exposed to the 
air, Hooke observes that “ when it comes into the free air, it will 
take fire, and readily burn away.” 

This experiment is very important, for it seems to show that 
the burning of the charcoal is dependent upon the 
presence of air; indeed, this is the conclusion which Hooke 
drew, for he said :— : 

“From the experiment of charring of Coals (whereby we see 
that notwithstanding the great heat and the duration of it, the 
solid parts of the Wood remain, whilest they are preserv’d from 
the free access of the air undissipated) we may learn, that which 
has not, that I know of, been publish’d or hinted, nay, not so 
much as thought of, by any ; and that in short, is this—that the 
Air in which we live, move and breathe, and which encom- 
passes very many, and cherishes most bodies it encompasses, is 
the universal dissolvent of all Sulphureous bodies” (ze. of all 
combustible bodies). 

Now if it be true that the air is necessary for the combustion 
of any body, it follows that a substance, for example sulphur, 
will not burn in absence of air. This Robert Boyle proved in 
1660 to be the case by an experiment which it is not easy to 
repeat. He lowered some sulphur on to a hot iron plate in a 
vessel from which the air had been pumped, and he found that 
it would not burn, but on allowing a little air to enter, “ divers 
little flashes could be seen,” which were extinguished on 
exhausting the air again. 


THE HEATING OF METALS IN THE AIR 


In the course of the seventeenth century a number of chemists 
directed their attention to the effect of heat upon metals, and 
very important results were obtained from their observa- 
tions. 


Expt. 3. To observe the Effect of Heating Lead in 


1 Hooke, Micrographia. See Alembic Club Reprint, No. 5, p. 43. 
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the Air.—Put some lead in an iron spoon,! Heat it over the 
Bunsen flame. After melting, an earthy-looking scum or “ cate” 
forms upon the surface of the molten metal. Scrape the calx to 
one side with an iron wire. A mirror-like metallic surface is 
exposed, which quickly becomes coated over again. (See Vol. I., 


p- 84.) * 
In what way may this calx have arisen? ‘Two causes readily 


- suggest themselves. Firstly, it is possible that something has 


been driven out of the metal by the heat, leaving the calx as a 
residue. This is the view which was taken by many chemists 
200 years ago.2 Secondly, it is possible that under the in- 
fluence of the heat some portion of the air becomes attached 
to the metal, whereby the calx is formed. Now it is evident 
that we can decide between these two cases by means of the 
balance. For if something 
has been driven out of the 
metal there must be a /oss 
of weight, while if any has 
been added to it, there 
must be a gaz7 in weight. 
Let us, therefore, put the 
matter to the test, and 
weigh the metal before 
and after it is heated. | Ht ut TMM 
Expt. 4. To find DT ee 
whether Lead gains Fic. 9. 
Weight when Heated 
in the Air.—Weigh a half-ounce crucible. Weigh about 
3 grams of clean lead parings into it. Support the crucible 
on a pipe-clay triangle upon a tripod stand (Fig. 9). Heat 
it (uncovered) for about twenty minutes over a_ Bunsen 
flame. It is well to scrape the calx to one side from time to 
time with an iron wire, so as to expose a fresh surface, taking 
care, however, that none is rernoved from the crucible. Allow 
it to cool. Weigh the whole again. Is there any increase in 


aaa 


oma! 
itt TIL . 


1 In the absence of sufficient spoons, crucible lids supported on home-made pipe- 
clay triangles can be used 
This view was taken by the Phlogistic chemists. They believed the heat drove a 
fiery material, AA/ogiston, from the metal, and therefore they regarded the calx as 
a simpler substance than the metal. Their view can be expressed thus — 


calx of metal + phlogiston = metal. 
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weight? Yes, perhaps o’03 gram. Repeat. Is there any 
further increase in weight? Yes. If the calx formed on the 
surface of the lead is red, it is called ved-/ead. If yellow, it is 
called /tharge. 

It is so important to decide whether there is an increase in 
weight when a metal is heated in the air that experiments with 
other metals must be made. 

Expt. 5.-To find whether Magnesium gains Weight 
when heated in the Air.—Weigh a half-ounce crucible with 
its lid. Weigh 50 centimetres of narrow magnesium ribbon or 
wire on the pan bearing the crucible. Roll the ribbon up into 
a loose ball, and place it in the crucible. Support the crucible 
‘with the lid upona pipe-clay triangle on a tripod stand. Then 
apply a flame until the bottom of the crucible is red-hot. This 
should take five minutes. Continue heating strongly for another 
five minutes, but lift the lid about every half minute very 
slightly so as to let in air but not to allow the escape of fumes. 
Allow to cool. Weigh again. Is there an increase in weight? 
Yes. Calculate the percentage gain in weight. 

Expt. 6.1 To find whether Iron gains Weight when 
heated in the Air.—Suspend a horse-shoe magnet from the 
hook of a balance pan as shown in Fig. 10. Place a round 
of filter-paper on the pan below. On the paper 
place a little heap of finely divided iron.? Lift 
the paper and allow the magnet to pick up as 
much iron as possible. Weigh together the 
magnet, iron, and paper. Let the flame of a 
Bunsen burner play gently against the iron on 
the magnet for a moment. The iron begins 
to glow. The. glow continues and spreads. 
The iron is burning. Let it cool. Weigh again. 
It is heavier. 

In the seventeenth century experiments were 
frequently made upon the calcination of anti- 
mony by means of the sun’s rays concentrated upon it by a 
powerful burning glass. A small cone of the metal was weighed 
and placed upon a slab of marble, and the point of the refracted ~ 


1 Lecture Table Experiment. . 

2 Note for Teacher.—Iron filings are not so” suitable as freshly prepared /er-rr 
redactum. If spoiled or rusty, heat the iron in a hard glass tube in a current of 
coal gas over a Ramsay burner. Wait until quite cool before removing it. 
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rays directed on to the point of the cone. The metal imme- 
diately fumed, and was converted into a white calx, which was 
separated with a knife, and the rays directed on to the rest 
tillthe whole became white. It was then weighed again. Asa 
writer said in 1630 :— 

“Tt is a remarkable thing that although in this calcination the 
antimony has lost much of its substance, by the vapours and 
fumes which are copiously exhaled, yet its weight augments 
instead of diminishing.” 

From what source comes this increase in weight, when a 
metal is calcined? In view of all the experiments we have 
made, it is scarcely possible to conclude that the increase 

arises from anything else but the fixing of particles of air 
in the metal during the heating. We canscarcely believe that 
the increase is simply due to heat itself having weight, because 
Experiment 2 clearly showed that the presence of air was: 
necessary for the burning of charcoal. 


THE BURNING OF PHOSPHORUS.—tThe point 
at which we have arrived is that air is necessary for the com- 
bustion of charcoal, and that when a metal is heated it increases 
in weight, probably because it combines with particles of air. 
But can we prove that this is so? Perhaps by heating a 
substance in a closed vessel. If this is then opened under 
water, water will rush in to take the place of any air meen 
has disappeared. 

It is not easy to test this in the case of metals. But in the 
yeat 1674 a very remarkable substance called phosphorus 
was discovered, which is particularly suitable for experiments 
upon this subject. 

Phosphorus can be prepared in two very different forms : 
one is a yellow waxy. substance, the other a dark red powder. 

It was first prepared from urine by an alchemist named — 
Brand in Hamburg by a secret process. A few years after- 

wards it was discovered how to prepare it from bone ashes. 

Even at the present time the details of its preparation are 
kept secret by the few firms which are concerned with its 
manufacture. 

Its properties are so remarkable that it was exhibited as one 
of the Wonders of Nature to King Charles II. 

VOL. II C 


Gea 
a 


18 INTRODUCTION TO STUDY OF CHEMISTRY cuap. 


Expt. 7. To observe the Burning of Phosphorus in 
the Air.—Obtain a gas jar. Cut a clean piece of phosphorus, 
about the size of a pea, and dry it with blotting-paper. Place 
it in a “deflagrating spoon.” Warm one end of a glass rod in 
a flame, and then touch the phosphorus with it. The phosphorus 
catches fire. Introduce it into the jar. Dense white fumes are 
evolved, and presently the fame dies out. Remove the spoon. 
Some phosphorus remains unburnt, so perhaps it can be re- 
kindled. Try. Yes, it will burn further in the air outside the 
jar. Examine the side of the jar. It is covered with a white 
powder. 

How has the white powder arisen? Has a fiery material been 
driven out of the phosphorus, leaving the powder as a residue? 
Or has some portion of the air become attached to the 
phosphorus, so forming the white powder ? 

We can much more readily try whether any air disappears 
when phosphorus is burnt than when a metal is burnt or heated 
in the following way. 

Expt. 8. Does some of the Air in a Closed Flask 
disappear when Phosphorus is burnt in it ?—Take a 
clean and dry 8-oz. flask.! Select a tightly-fitting rubber stopper. 
Cut aclean piece of phosphorus,? about the size of a pea, and 
dry it with blotting-paper. Place it in the flask and close it 
firmly with the stopper. Weigh the whole. Then, holding 3 
the flask by the neck, and away from your face, warm it every- 
where except where the phosphorus is. Turn the flask and let 
the phosphorus fall on to its heated sides. It burns in the 
enclosed space (probably without bursting the flask, but 
beware !). Replace the flask on the pan of the balance. It may 
appear lighter than before. (Why?) Allow it to cool. J¢s 
weight has not been changed, showing that the heat which has 
passed through the walls of the flask weighs nothing. Now 
place the neck of the flask below the surface of some water, and 


1 A flask can be dried by waving it éver the flame of a Bunsen burner and sucking 
out the air by a glass tube placed in the flask. Allow it to cool completely before 
weighing it. 

2 Caution.—Phosphorus is Rept under water, and cv# under water. It is handled 
with tongs. Before burning it is dried by pressing between folds of filter-paper. It 
catches fire of itself, at a temperature below that of boiling water, But it cannot 
burn in absence of air. If the hands are burnt by phosphorus, cover the wounds 
with a mixture of olive oil and slaked lime, called “ ¢arron oil,” 

8 Hold it for safety within a fume-cupboard. 
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remove the stopper. Observe that the water rises into the 
flask ; shake the flask ; the white deposit on the sides of the flask 
and the fumes are dissolved. Replace the stopper. Remove 
the flask from the water and dry the outer surface, Measure the 
water which has entered the flask by pouring it into a graduated 
cylinder. Measure in the same way the whole volume of the 
flask. It will be found that the water which enters the flask is 
just about one-fifth of that which it can contain.! 

It is evident, therefore, that in the combustion of the phos- 
phorus, one-fifth of the volume of the atr disappears. What has 
become of it? It cannot have escaped from the flask, for there 
was no loss of weight. Is it not likely, as was suggested 
before, that it has united with the phosphorus, forming these 
white fumes which filled the flask, and which dissolved in the 
water? (Test the water with litmus paper, and observe that it 
is acid.) 

“ But,” as Lavoisier, a famous F rench chemist, said when he 
was studying the matter, “there is a great difference between 
conjecture and proof, and it is necessary that it should first be 
established that a combination of any kind is formed with phos- 
phorus during its combustion.” 

Now, if the air which has disappeared has really united with 
the burning phosphorus, the phosphorus must have increased 

.In weight, just as the metals did. In order to make sure 
whether this is so or not, the burning of phosphorus may be 
carried ouc as follows :-— : 

Expt. 9.2 To find whether the Products of Burning 
Phosphorus are heavier than the Original Phos. 
phorus.—Take a piece of wide glass tubing about 6 inches 
long, drawn out at one end 2 (Fig. 11). Place a small piece of 
phosphorus at D. Pack about 3 inches of it from B to C with 
fine asbestos. Close the end with a cork through which a glass 

tube passes. Test by sucking to be sure that air can filter 
through the asbestos. Weigh the whole. Then fix the tube in 
a horizontal position, and connect the end B with an aspirator. 
Ignite the phosphorus, and the fumes will be carried towards B 
and caught by the asbestos. Finally, when the Phosphorus is 


1 The experiment in this form is due to the Swedish chemist Scheele (about 1773 ; 
see Alembic Club Reprint, No, 8, p. 13). 

2 This experiment was suggested by Prof. H. E. Armstrong. 
3 Use a straight “ calcium chloride” tube with one bulb. 

. 
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consumed, weigh the tube again. There is a very decided 
increase in its weight. 

There can therefore be no doubt that, when phosphorus is 
burnt in a definite volume of air, one-fifth of the air disappears, 
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_and it does so because it unites with the phosphorus, forming a 
white solid substance. 


Let us now make two simple experiments with a CANDLE. 

Expr. io. A Burning Candle needs Fresh Air.— 
Attach a candle to a deflagrating spoon. .Light it.” Put it 
inside a tall dry glass jar, closing the top of the jar with the 
plate attached to the spoon (Fig. 12). The flame burns for a 
time, sinks, and goes out, while the inside of the jar becomes 
dim. Has anything hurt the candle? Take it out, leaving the 
jar covered with a glass plate. Try whether the candle can be 
lighted again. It burns: clearly it is in no way spoilt. Has 
the air been spoilt? Lower the burning candle into the jar 
again. It goes out almost immediately. Then it is the air 
which has been altered by the burning candle. 

Expr. 11. To find whether Air disappears when a 
Candle is burnt in a Closed Vessel.—The following is an 
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experiment which Mayow showed in Oxford so long ago as 
1670. He wrote :— : 

“Let a lighted candle be so placed in water that the burning 
wick shall rise about six fingers’ breadth above the water ; then 
let a glass vessel! of sufficient height be in- 
verted over the candle. Care must be taken 
that the surface of the water within the glass 
shall be equal in height to that without, which 
may be done by including one lég of a bent 
syphon within the vessel while the other opens 
outside. - The object of the syphon is that the 
air enclosed by the vessel and compressed by 
its immersion into the water may escape through 
the hollow syphon. - When the air ceases to 
issue, the syphon is immediately withdrawn, so 
that no air can afterwards get into the glass. 
In a short time you will see the water gradu- 
ally rising into the vessel while the candle still 
burns.” 


Conclusions.—On the evidence brought Fic, 12.° 
forward we can now state :— 

I. It is the air in which we live that enables combustible 
substances to burn. 

2. When a metal or phosphorus is burnt, it increases in 
weight. 

3. The increase in weight of phosphorus when burnt is due 
to air becoming fixed in it. 7 

4. When phosphorus is burnt in a closed volume of air, only 
one-fifth of the air disappears, not the whole. 

Observe that it cannot be held that when phosphorus is burnt 
in a closed volume of air only a part of the air is removed 
because the rest cannot reach the phosphorus, since the same 
result may be obtained again and again ; that is to say, only 
20 per cent. of the air will be removed each time, whatever the 
size of the flask, and unburnt phosphorus will be left over, if 
sufficient has been taken. 

These facts make it a/most certain that the air i's not really a 


1 A 14-02. flask with a short neck is suitable. Use a taper in place of a candle, 
and tie it to a nail forced through a small piece of sheet lead. 
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single substance, but contains at any rate two gases, one of 
which alone (occupying one-fifth of the whole) is concerned in 
combustion ; this portion of the air may conveniently be called 
“Fire-Air.” ; 


THE DISCOVERY OF “SPOILT AIR.”—Let us 
now remove the Fire-Air from a closed volume of common air, 
by burning some phosphorus in it, and try what kind of air is left. 

Expr. 12. To remove the Fire-Air from Common 
Air, and to find whether the 
Air which is left supports 
Combustion. — Take a large 
glass-bell jar, A (Fig. 13), with a 
stopper at the neck, and graduate 
it into six equal divisions.’ Float 
a small porcelain dish, D, contain- 
ing a piece of dry yellow phosphorus 
in some water in a glass dish, B. 
Colour the water with litmus solu- 
tion. Cover it with the bell-jar, 
so that the water rises to the fifth 
mark. Touch the phosphorus with 
a hot glass rod, and quickly replace 
the stopper. Dense fumes are 
given off, which soon dissolve in 
the water, and the water finally 
rises almost to the fourth mark, if 
water is poured into the dish so 
that its level inside and outside the jar is the same. Remove 
the stopper. Introduce for a moment a lighted candle. It is 
atonce extinguished. Place a small piece of phosphorus or 
sulphur in the cup of a deflagrating spoon. Ignite it. Introduce 
it into the.jar for a moment. It is extinguished. 

It was also found more than 100 years ago that animals died 
almost immediately on being introduced into this portion of 
common air which was left after the removal of Fire-Air. Let 
us for the present call this air “‘Spoilt Air.” 

Now it is one of the most characteristic of the properties of 


1 The experiment can be made with an ordinary bell-jar. In that case some of the 
gas must be decanted into gas jats for testing. 
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common air that it is necessary for the life of animals. This 
has long been known, and it was first clearly proved by Boyle in 
1660 by experiments which the student is recommended not to 
repeat ; he placed cats and mice, sparrows, fishes, and tadpoles 
in the receiver of his air-pump, and terminated their lives by 
pumping out the air. It has been stated above that when the 
Fire-Air has been removed from common air animals cannot live 
in the air which remains. The conclusion which necessarily 
follows is that 2¢ 7s only that portion of the air which we have 
called Fire-Air which enables animals to breathe and is con- 
cerned in what is called respiration. 

Is this Spoilt Air, however, the same as Fixed Air? 

Expr. 13. To find whether Spoilt Air is the same as 
Fixed Air.—To the top of A (Fig. 1 3) attach a rubber tube 
into which some cotton-wool jis loosely packed. Add more 
water to the trough. Let the tube dip into some clear lime-water 
in a test-tube. Open the tap so that some of the air may pass 
through the lime-water. (The object of the cotton-wool is to 
filter out all the white fumes.) No turbidity results. Then Spoilt 
Air must be a different kind of air from Fixed Air, though both 
of them extinguish a lighted taper. 


EXERCISES 
Observe the effect of heating the following metals on porcelain lids, 
Endeavour to explain the changes effected. . 
Tin. Zinc. Copper (bright turnings). 


Although we have proved that many metals gain in weight 
when heated in the air, we have really in their case no direct 
evidence that this gain is due to union of the metal with Fire- 
Air rather than with Spoilt Air: That the union is with Fire- 
Air is by analogy probable ; but how may we seek for real 
proof? Perhaps by passing a current of atmospheric air over 
some metal heated within a glass tube, collecting the air which 
passes through, and trying whether it has the properties of 
Spoilt Air or of Fire-Air. Copper, which is very readily acted 
upon when heated in the air, with formation of a black scale or 
calx, is perhaps the most suitable metal to employ. 

Expt. 14. To collect and examine the Air which 
has passed over Heated Copper.—Take a hard glass 
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tube (ad) about 12 inches in length. Pack the tube with bright 
copper turnings, and support it over a Ramsay burner, which 
will give a long horizontal flame. Fill a large flask (c) with 
water, and support it near the top of an aspirator (f). Place in 
it a glass tube which will reach the bottom of the flask, and 
connect the other end, by rubber tubing, with the longer tube 
of the aspirator. Place a screw clamp (d) upon this rubber 
tube. Attach a rubber tube (e) to the aspirator, and suck until 
water is syphoned over from the flask into the aspirator ; then 


tighten the clamp, and-connect the tube ¢ with one end of the 
hard glass tube. Attach to its other end (4) a short delivery 
tube, dipping beneath water, below a small gas jar. 

Carefully open the clamp until a slow stream of air is forced 
up into the jar. Then light the burner. Neglect the first few 
bubbles of air which pass through, and then collect a jar full. 
Insert a burning candle and a burning splint of wood into the 
air which has been collected. Both are extinguished. 

This experiment, therefore, proves that the metal copper 
when heated in atmospheric air unites: with the samme part 
namely, Fire-Air, as does phosphorus. 


Common Air is not a Simple Substance.—There can 
now be no doubt that ordinary air contains at any rate fo 
airs. One we have called Fire-Air ; this it is which enables 
combustible substances to burn and animals to breathe. The 
other is entirely different from Fire-Air, for it can neither support 
combustion nor life. This we have called Spoilt Air. 

This extremely important conclusion, namely, that common 
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air contains two entirely different airs or gases, was first arrived 
at about 1670, from experiments similar to those we have seen, 
carried out by the Oxford chemist J/ayow. This discovery, 
however, attracted little attention, and was soon entirely for- 
gotten. It was left for the Swedish chemist Scheele to remake 
it about the year 1772, and he it was who gave the two airs the 
names Fire-Air and Spoilt Air. 

{t must not be forgotten that atmospheric air also contains 
a varying amount of Water Vapour (see Vol. L., Chapter X1.), 
and also a very small amount of Fixed Air (see Vol. I., p. 8). 

The Nature of Flame and Fire.—Can we now ‘under- 
stand the nature of the flame of phosphorus when it is burnt 
in a Closed vessel? Nothing material escapes from the vessel. 
The original contents were Fire-Air and Spoilt Air. During 
the experiment light and heat are given out. After the 
experiment the white dust on the glass is Fire-Air combined 
with the phosphorus. As Hooke said of an experiment in 
1665 :— 

“It seems reasonable to think that that shining transient 
body which we call //ame is nothing else but a mixture of Air 
and volatil parts of combustible bodies which are acting upon 
each other whilst they ascend, and that ¢h7s action produces 
a very great heat, and that which we call Fire ; and that this 
action is perform’d with so great a violence, and does so rapidly 
agitate the smallest parts of the combustible matter that it 
produces in the medium of the Air the action or pulse of 
Light.” 

This theory of flame applies equally to the burning of sulphur 
or of a candle in the air. The heat and light of a burning 
candle, for instance, we are to regard as the vesw/t of the violence 
of the action of the Fire-Air in the atmosphere upon the com- 
bustible material of the candle, the heat being so great that the 
burning materials are heated white hot, and give out a bright 
light. The flame of a candle, therefore, is the visible evidence 
of action going on between the Fire-Air and the combustible 
matter of the candle. 

It is this vigorous action between Fire-Air and combustible 
material, resulting in heat and light, to which the name com- 
bustion is commonly given, though we shall find afterwards that 
the word must be used in a somewhat wider sense. 
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EXERCISES AND PROBLEMS 
Fire and Air 


1. Observe the effect of heating the following substances on porcelain 
lids :— 


Antimony (powdered), Tron (filings). Solder. 


2. Observe the effect of holding a thin wire or sheet of the following 
metals by means of a pair of tongs in the upper part of a Bunsen 
flame :— 

Copper. Aluminium. 
Iron. Platinum. 


3. Find whether there is any change in weight when the following 
metals are heated in open porcelain crucibles :— 


Solder. ; Zinc. 
Tin. Copper. 


4. Find whether any air disappears when some sulphur, melted and 
ignited in an iron spoon, is poured into a dry flask, which is then 
immediately stoppered. 

5. Burn a piece of phosphorus in a closed flask as in Experiment 8, 
p. 18. Weigh the flask. Then remove the stopper, replace it, and 
weigh again. Is there any change in weight ? 

6. Find whether the products of burning sulphur are heavier than 
the original sulphur, drawing the products through a weighed tube 
containing soda lime. 

7. Prepare Spoilt Air as in Experiment 12. Pass it over bright 
copper turnings within a hard glass tube, first displacing the air and 
then heating the tube. Is the copper acted upon ? 


CHAPTER III 
THE RUSTING OF IRON 


THE RUSTING OF IRON.—In the course of our study 
of Fire and Air we found that finely divided iron would actually 
burn in the air, and that in burning it gained in weight. Iron, 
however, often undergoes some kind of change even at the 
ordinary temperature ; it readily rusts. The bright steel of a 
bicycle which has been ridden in wet weather is quickly cor- 
roded. The rails of a disused railway rapidly acquire a thick 
coating of red rust. 

Take any piece of old iron which has stood in the open air 
for some time. Scrape off some of the rust and examine it 
¢arefully. Have you met with anything like it before in your 
experiments ? 

Here then is a problem ready to our hand.! What is it that 
occurs in such cases to iron or steel? We cannot answer this 
all at once. 

The balance, however, will tell us whether iron -in rusting 
loses or gains anything, or whether the iron is simply changed 
into rust.? — 

Expt. 1. To find whether Iron changes in Weight 
when it rusts.—Weigh a watch-glass. Place upon it 3 or 
4 grams of bright iron filings, and a’ long iron nail. Weigh 
again. Moisten the filings thoroughly with a little water, and 


1 This inquiry was suggested by Prof. H. E. Armstrong, B. A. Report, 1889. 
2 The teacher will probably find it advisable to carry out himself most of the 


experiments in this research before the class. They require time, and may suitabl 
be inued while the next research on the Discovery of Oxygen is being pursued. 
ot instance, Experiments 1 and 2 may be started together in the course (perhaps 


st at the end) of one day, and the results examined during the next. 
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stir thoroughly, carefully avoiding the loss of any filings. Place 
the watch-glass in a warm place near a fire or stove. Cover it 
with an inverted beaker or shade. Allow it to stand for one or 
two days. Then place the glass upon a sand-bath, and warm it 
until quite dry. Weigh. There is a gain om weight. This 
must have arisen either from the air or from the water or from 
both. 

Expt. 2. To find whether some of the Air disappears 
when Iron rusts in it.—Cut a cork so that it can be pushed 
up to the top of a glass jar. Bend a pin or a small piece of 
wire into a hook and fix it to the cork. Make a small bag of 
fine muslin. Place some bright iron filings in it, moisten the 
bag, and suspend it. Push the cork right up to the closed end 
of the jar. Place the jar mouth downwards in a basin or beaker 
containing a little water (Fig.15). Put the whole aside ina 


warm place until next lesson. After a day or two the level of 
the water is found to have risen in the jar. Pour water into 
the beaker so that the level of the water is the same inside and 
outside the jar. (Why is this done?) Mark the level of the 
water in the jar. Leave it for another day, and then mark the 
level again. Repeat this. At last the level of the water remains 
fixed. Find what fraction of the air in the jar has disappeared 
by measuring with a rule the length of the jar and the length 
of the column of air which is left. About one-fifth of the air 
has disappeared. Leave the jar as it is for Experiment 5. 
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“We have now proved that when iron rusts in the presence of 
air and water— E 

1. The iron gains in weight. | 

+. About one-fifth of the air disappears when the rusting 
occurs in a closed volume of air. 

It seems to be certain, therefore, that the increase in weight 
of the iron is due (in part at any rate) to a portion of the air 
becoming fixed in or combined with the iron. It does not at 
present seem clear from these experiments whether the water 
has any share in the rusting. Common experience has certainly 
led people to imagine that water is more than anything else the 
cause of rusting. Popular opinion, however, is perhaps at fault, 
and must not be too readily trusted. 

Will it not be well to try next whether (1) water in the 
absence of air, and (2) air in the absence of water can cause iron 
to rust? 

Expr. 3. To find whether Tron rusts in Water free 
from Air.'—Fill a small flask with distilled water. Boil it for 
at least five minutes, so as to expel all dissolved air. Meantime 
rub some iron nails bright with emery paper. Place them in 
the boiled water, and close the flask with a tightly-fitting rubber 
stopper. Set it aside till next lesson. Norusting occurs even 
after many days. 

Expr. 4. To find whether Iron rusts in Air free from 
Moisture.— Take a dry glass Jar. Suspend a bag containing 
bright iron nails or filings within the jar exactly as in Experiment 
>. Place the jar mouth downwards upon a well-greased plate, 
and set it aside in a warm place till next lesson (Fig. 16) 
Then try whether any of the air has disappeared, by removing 
the plate from the mouth of the jar under water. The water 
does not rise in the jar. Moreover, the iron remains bright.” 

Experiments 3 and 4, therefore, satisfy us that neither water 
alone nor air alone can be the cause of the rusting of iron, 
Consequently, it is clear that iron only rusts in air when the air 
is moist. The formation of rust on iron is then due to two 
actions : firstly, the action of the air ; and secondly, the action 
of moisture. Although in the present instance we shall only 
consider the first action in detail, the student should always 


1 Bkperiments 3 and 4 should be started together at the end of a lesson. 
2 Ordinary air always contains a little invisible aqueous vapour, and consequently 
the iron may rust to a very small extent. 
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accustom himself in studying an action to observe so far as 
possible all that goes on and all the conditions necessary for its 
success. 

Now when iron was allowed to rust in moist air in Experiment 
2, some of the air, but not the whole, disappeared and combined 
with the iron. Moreover, the fraction of the air which disap- 
peared was one-fifth, which was exactly the same fraction of the 
air that vanished when phosphorus was durn¢ in the air (see 
p. 18, Experiment 8). Is it the fact then that that portion of 
the air which disappeared in 
Experiment 2 was simply 
the Fire-Air which it éon- 
tained? Ifso, the air which 
remains must be Spoilt Air. 
We can put this to the test. 

Exer. §. To im 
whether the Air left 
after the Rusting of 
Iron in it is Spoilt Air. 
—F ill the beaker containing 
the jar in Experiment 2 up 
to the brim. Gradually raise 
the jar until you can push a 
well-greased plate under- 
neath it. Now invert the jar 
on the table with the plate uppermost. Light a candle. Also 
place a little red phosphorus in a deflagrating spoon, and kindle 
it. Remove the plate, and at once plunge the burning phos- 
phorus within the jar. It is extinguished. Introduce quickly 
the burning candle. It also is put out. 

We can safely conclude, therefore, that the air which remained 
after the rusting was Spoilt Air. 

The Rusting of Iron is a Sort of Slow Burning, — 
We have therefore proved beyond doubt that in the rusting of 
iron in a closed volume of moist air the observed gain in weight 
is due, in part at any rate, to Fire-Air combining with the metal. 
Now when iron burns in air the iron also combines with the 
Fire-Air ; but in this case the action is completed in a few 
seconds, while the rusting of iron takes place very slowly. It 
seems, therefore, as though in the rusting of iron there is really 
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a very slow action between Fire-Air and iron, so slow that no 
heat nor light that we can detect is produced. It seems, indeed, 
to be a case of very slow combustion (see p. 2 5). 


THE SMOULDERING OF PHOSPHORUS.--The 
above interesting result leads us to ask whether any other sub- 
stance can combine without flame in this slow and gradual 
way with Fire-Air. Phosphorus is a likely substance to try for 
this slow combustion, since it begins to smoulder and fume as 
soon as it is exposed to the air. 

Expt. 6. To observe the Smouldering of Phos- 
phorus.—Remove a small piece of yellow phosphorus from 
the bottle. Dry it quickly by pressing it gently between folds 
of filter-paper. Place it upona porcelain crucible lid. A white 
smoke begins to arise from the phosphorus. Sometimes the 
phosphorus will soften and melt, showing that it is warm, and 
occasionally it will even become hot enough to take fire by 
itself. 

Take the phosphorus to a dark place. It is seen to glow. 
Hence its name fhos-phorus, the light-bringer, from the Greek 
words phos, light, and phero, I bring. 

Expt. 7.1 To find whether some of the Air disappears 
when Phosphorus is left exposed in it.— Obtain a4 glass 
tube about 50 cm. long and 12 mm. broad, closed at one end. 
Fill it with water. Take a piece of copper wire about 40 cm. 
long, and twist one end into a small loop. Place a little water 
in a test-tube, and drop into it a piece of phosphorus about the 

size of a haricot bean. Melt the phosphorus by dipping the 
small test-tube into a beaker full of hot water, and then push 
the looped end of the wire into the melted phosphorus. Remove 
the small test-tube from the hot water, and dip it into cold water : 
the phosphorus solidifies and sticks to the wire. Push the end 
of the wire bearing the phosphorus half way down the tube filled 
with water, and bend the wire outside the tube back along the 
tube. Close the open end with the thumb, and invert it in a 
tumbler containing some water. Lift the open end of the tube 
for a moment out of the water, so that all the water runs out of 
it, and again lower it, and support the tube in a retort-stand 
(Fig. 17). The phosphorus is then exposed in a closed volume 


1 Adapted from Parrish and Forsyth’s Chemistry, p. 14. 
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of air. White fumes are seen, and in the course of some 
minutes the water is seen to have risen from the tumbler a 
little way up the tube. Set the tube aside till next lesson. The 
water is found not to rise be- 
yond a certain point, and yet there 
is still plenty of phosphorus. Esti- 
mate what fraction of the air at first 
in the tube has disappeared. Is it 
not about one-fifth ? 

Then, taking care not to lift the 
end of the tube out of the water, 
pull the wire out with the phos- 
phorus, and put it in some water to 
avoid accident. Close the open 
end of the tube with the thumb, 
and invert the tube with the water 
it contains. Test the air which 
remains in the tube with a burning 
splint; it is extinguished at once. 
Pour the water in the tube into 
a measuring jar, and so find the 
volume of the air which has disap- 
peared. Also find the whole volume 
of the tube, ze. the original volume 
of atmospheric air enclosed. Esti- 
mate again the fraction of the air 
which disappeared. 

The Smouldering of Phos- 

Fic. 17. phorus is a Sort of Slow 

Burning.—We have now esta- 

blished the following points with regard to that which occurs 
when phosphorus is exposed in a closed volume of air. 

1. One-fifth of the air disappears. 

2. The air which is left has the properties of Spoilt Air. 

We have therefore strong reasons to conclude that phos- 
phorus combines even at the ordinary temperature with Fire- 
Air. The action appears to be precisely the same in kind as 
that which occurs when phosphorus is burnt in air, and the 
difference between the two cases seems to be simply one of 
rapidity and intensity. . 
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Phosphorus, like iron, then, can combine with Fire-Air either 
very slowly or extremely rapidly. In the one case no action is 
visible, in the other much heat and a brilliant light are produced. 
It seems probable, indeed, that the heat and light in the second 
case are the result of the rapidity and violence of the action 
between the Fire-Air and the phosphorus or iron. This, it will 
be remembered, was the conclusion we came to at the end of our 
last research (see p. 25). 

When the combination of phosphorus with Fire-Air is ex- 
tended over hours or days, it seems probable that the action 1s 
scarcely visible because it is so slow. A faint glow can, how- 
ever, be seen if the experiment is made in a dark room. 

We have, therefore, confirmed by this study of the slow 
changes which phosphorus and iron undergo in the air the con- 
clusion we had already come to about Flame and Fire. But 
this was not at all the actual object we had in view when we 
began to study the rusting of iron. It is not, however, any less 
valuable on that account, and as a matter of fact, it frequently 
happens that in the pursuit of knowledge we set out with some 
one object in view, and we arrive at an entirely different and 
unexpected discovery, yet perhaps even more important. But if 
our researches are to lead us thus into wider knowledge, we must 
be careful to keep our minds open, quick to observe any new 
fact, and willing to endeavour to understand it. 


PROBLEMS 


t. Observe the effect of heating iron rust in a test-tube. 

2. Find whether there is any change of weight when iron rust 1s 
strongly heated in a crucible. 

3. Find the action of hydrochloric acid upon iron rust. Is any Fixed 
Air evolved ? 

4. Repeat Experiment 2, p. 28, using strong sulphuric acid instead 
of water. 

5. Find out what occurs when powdered calcium chloride is left on 
a watch-glass in the air. ) 

6. Find out what occurs when a beaker half full of strong sulphuric 
acid is left exposed in the air. 

7. Select some clear crystals of washing-soda. Leave them exposed 
to the air. What do you notice? Find out what has occurred. 

+ 
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CHAPTER. IV 


THE DISCOVERY OF OXYGEN 


THE work of the Oxford chemists of the seventeenth century 


showed that common air was probably composed of two different 
gases, which we have called Fire-Air and Spoilt Air. Noone, 
however, had succeeded in isolating Fire-Air. It is evident, 
therefore, that though these chemists made a great advance 
towards a knowledge of the air and of combustion, more 
remained to be done. As a matter of fact, no further advance 
was made until the latter part of the eighteenth century, through 


the investigations of Scheele in Sweden, of Priestley in England, 


and of Lavozsier-in France. 


THE SHARCH FOR FIRE-AIR 


It must now be our object to isolate Fire-Air. We have 
found that, when metals and phosphorus are heated in the air, 
they increase in weight, because they form compounds with 
the Fire-Air. Is it not possible that we may be able to separate 
the Fire-Air again from some one of these compounds? For 
instance, when metallic lead is heated for a long time in the air, 
substances called Red Lead and Litharge may be obtained, which 
we are regarding as compounds of lead and Fire-Air. Now, is 
it not possible that by some treatment we may induce the lead 


and the Fire-Air to part company? An experiment in which 


this was effected was first made in 1774 by Dr. Joseph Priesiley, 
an eminent dissenting minister. 
1 Priestley says at the outset of his account of his experiments : ‘more is Owing to 


what we call chance, that is to the obsetvation of events arising from unknown causes, 
than to any proper design.” He was ignorant of the work of the Oxford chemis 


and after working on Fixed Air proceeded in a haphazard way to heat red lead and 


many other substances, simply to see what kind of air they would yield (see Alembic 
Club Reprint, No. 7). 
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This is how he carried it out. He wrote :— 

“Having procured a lens I proceeded with great alacrity to 
examine by help of it, what kind of air a great variety of sub- 
stances would yield, putting them into the vessels represented 
(Fig. 18), which I filled with quicksilver and kept inverted in a 
basin of the same.” 

Amongst other substances he tried red lead. He found 
that an air was expelled from it, and at the same time the red 
lead became yellow like litharge. He got suffi- 
cient of the air to try a few experiments with it, 
and he says: “What surprised me more than I 
can well express was that a candle burned in 
this air with a remarkably vigorous flame, and 
a piece of red-hot wood sparkled in it and con- 
sumed very fast.” 

We cannot readily repeat the experiment in just 
his way; for one reason, we cannot always have 
the sun’s rays ; but we can heat some red lead in Fic, 18. 

a test-tube. 

Expt. 1. A Fire-Air is obtained from Red Lead.— 
Place some red lead in a small narrow test-tube. Heat it in 
the full flame of a Bunsen burner. It at first darkens in 
colour and then partly fuses. Introduce into the tube a 
glowing splinter of wood, and notice that it bursts into flame 
(Fig. 19). 

It seems likely that the gas which the red lead evolves is the 
Fire-Air we are in search of. Note, too, that the residue is not 
a metal, but is like the earth first obtained on roasting lead, 
called litharge. 


PROBLEMS 
Find whether any of the following substances yields a Fire-Air 
when heated in a Bunsen flame: use a small test-tube, and take as 
much of each as would cover a sixpence. 


Calcined mercury. Calx of magnesium. 
Litharge. Calx of tin. 
Calx of copper. Nitre. 


In the case of nitre compare what Scheele,’ a poor Swedish 


1 It should be noted that Scheele discovered Fire-Air before Priestley, about the 
ear 1772. Priestley was ignorant of this (see Scheele’s Fire and Air, Alembic Club 
eprint, No. 8). 
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apothecary, observed about the year 1772. Hesays: “I put an 
ounce of purified nitre ina glass retort for distillation, and made 
use of a bladder, moistened and emptied of air in place of a 
receiver. As soon as the nitre began to glow it also began to 
boil, and at the same time the bladder was expanded by the air 
that passed over. This is the cheapest and best method of 
obtaining Fire-Air.” 

In the course of his experiments Priestley heated the red sub- 
stance called calcined mercury. It is formed upon the sur- 
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face of the mercury when mercury is heated in commonair. He 
found that an air was readily given off. 

Expt. 2. A Fire-Air is obtained from Calcined Mer- 
cury.—Place a small quantity of calcined mercury! in a test- 
tube. Heat it cautiously but strongly in a Bunsen flame. It 
darkens in colour. Introduce a glowing splinter of wood (Fig. 
19). The wood bursts into flame. Observe also that a mirror 
of minute globules of mercury is deposited upon the cooler 
portion of the tube, which on being rubbed gather together into 
a drop of the liquid metal. Thus calcined mercury yields 
mercury and a Fire-Air. ee 


1 Known to the chemist as oxide of mercury. 
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Note’ that it has not yet been proved that the Fire-Air 
obtained from calcined mercury is the same as that present in 
common air. 

As we have said, Priestley discovered this Fire-Air in 17743 
in the same year he told Lavoisier in Paris about it, and the 
famous French chemist at once repeated the experiment in a 
very instructive way. 

Lavoisier’s Experiments.—(1) Lavoisier took a glass 
retort, A, with a long neck, and after bending the neck as repre- 


Fic. 20. 


sented in Fig. 20, he introduced some mercury, and placed the 
retort over a flame. ‘The end of the neck came out above the 
surface of mercury in a dish, C, and under a graduated bell-jar, 
D, containing 50 cubic inches of air. The mercury in the retort 
was heated strongly by the flame for several days. As this 
went on, red specks of calcined mercury formed on the surface in 
the retort, while the mercury gradually rose in the jar. After a 
few days, no further formation of the red substance appeared to 
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be taking place, so after twelve days from the outset the experi- 
ment was stopped. It was found that the volume of the air in 
the jar had decreased between 7 and 8 cubic inches, and that 
which remained in D was not fit for respiration nor did it 
support combustion. Then Lavoisier collected the red calcined 
mercury. It weighed 45 grains. 

(2) The calcined mercury was next placed in a glass tube 
closed at one end, and bent as represented in Fig. 21, the open 
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end being placed under a graduated cylinder filled with mercury, 
On heating the substance, a gas was given off, which measured 
between 7 and 8 cubic inches, and 414 grains of mercury were 
deposited on the colder parts of the tube. The gas collected in 
the cylinder was proved to support vigorously the combustion 
of a taper or charcoal. 

(3) Lavoisier repeated the analysis of 50 cubic inches of air 
as described above, and then added the 8 cubic inches of gas 
obtained on heating the calcined mercury as described under 
(2) to the 42 cubic inches left in the bell-jar. He obdfained 
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in this way an air which was in every respect like atmo- 
spheric air. 

Therefore, after having by analysis proved common air to 
contain in reality two airs or gases, he confirmed this by the 
method of synthesis,' that is, by putting the two airs together 
and so producing common air again.” 

Let it be particularly observed that the volume of gas obtained 
from the calcined mercury by heat was the same as the volume 
of gas which disappeared from the bell-jar in Lavoisier’s 
Experiment (1), p- 37- 

The experiments make it quite clear that the gas which 
calcined mercury evolves on being strongly heated is the very 
same which mercury picks out of the air, when calcined mercury 
is made. Therefore, the gas which calcined mercury 
gives off on being heated is the same as that portion 
of the air which we have called Fire-Air. We have 
thus found a method of preparing Fire-Air, and we can now 
proceed to try experiments in order to find out its characteristic 
properties. 

Calcined mercury is an expensive substance, and we cannot 
therefore afford to use it to obtain sufficient Fire-Air in order to 
try many experiments. After it had been discovered that Fire- 
Air could be obtained from calcined mercury, other methods of 
preparing it were very soon found, and we will make use of one 
of them. Bertholiet, about 1800, found that chlorate of potash 
evolves Fire-Air when heated. Let us try also the effect of 
heating it when mixed with other substances. 

Expt. 3. Preparation of Fire-Air from Chlorate of 
Potash.— Heat the following substances in a dry test-tube in a 
Bunsen flame, and try to compare the ease with which Fire-Air 
is evolved, detecting it by means of a glowing splint. 

(1) Chlorate of potash (powdered). 

(2) Pyrolusite.? 

(3) Chlorate of potash mixed with a little pyrolusite. 

(4) Chlorate of potash mixed with a little sand. 

The results suggest the following method of obtaining readily 
a steady supply of Fire-Air. 


1 Greek : sym, together, and thesis, a placing. 

2 Lavoisier’s Experiment No. 1 can be illustrated by heating some mercury for 
some days in a round-bottomed flask on a sand-bath, the flask being connected, by a 
glass delivery tube, bent four times at right angles, with some air in a test-tube 
standing over mercury. 3 Also called manganese dioxide. 
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Expr. 4. Laboratory Preparation of Fire-Air.— Take 
a large test-tube, 6 x 1 inch, and fit it with a cork and delivery 
tube, 50 cm. long, bent as shown in Fig. 22, Weigh out 20 gm. 
of chlorate of potash and 5 gm. pyrolusite. Dry each by warm- 
ing them gently in porcelain basins, and stirring with a glass 
rod. Grind them together in a mortar: add about an equal 
volume of sand, and mix well. Place the mixture in the test- 
tube, and fix the tube as shown, in the clamp of a retort-stand. 
Arrange to collect the Fire-Air over water. Have six jars 
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ready. Heat the tube cautiously by moving a Bunsen flame to 
and fro along the tube. After collecting six jars of Fire-Air, 
remove the delivery tube from the trough. Let the test-tube 
cool, and then wash it out.? 


FIRH-AIR VIGOROUSLY SUPPORTS COM- 
BUSTION.—We may now proceed to test the characteristic 
properties of Fire-Air. Remember that it forms one-fifth by 
volume of common air, and the chief difference between it and 
common air is that it is not mixed with Spoilt Air. What 
difference is this likely to make between the burning of phos- 
phorus, sulphur, a candle, or iron, in it and in air ? 


1 From Parrish and Forsyth’s Chemistry, p. 53. 
2 The gas is also very conveniently obtained compressed in steel cylinders, 
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Expt. 5. To burn a Candle in Fire-Air.—Attach a small 
candle to a deflagrating spoon. Light it at a flame, and 
introduce into a jar. It burns with a more brilliant white flame 
than in common air, and the wax melts very rapidly. 

Expr. 6. To observe the Burning of Sulphur in Fire- 
Air.—Place a piece of sulphur in a deflagrating spoon. Pour 
a little water into a gas jar. Direct a flame on to the sulphur 
until it catches fire, and introduce it into the jar. The faint blue 
flame at once burns more brilliantly, and white fumes are formed. 
When the flame dies out, remove the spoon, and observe the 
suffocating odour of the fumes. Cover the mouth of the jar 
with the hand, and shake. The fumes are dissolved in the 
water. Add some litmus solution. It is turned red, showing 
that an acid has been formed. We may call it su/phurous actd. 

Expt. 7. To observe the Burning of Phosphorus in 
Fire-Air.—Place a little red phosphorus in a deflagrating 
spoon. Kindle it in a flame, and introduce it intoa jar. Observe 
that it burns with a very brilliant white light, and dense white 
fumes are produced, which readily dissolve in a little water. 
Add some litmus solution. It is turned red, showing the 
presence of an acid. We may call this phosphoric acid. 

Expt. 8. To observe the Burning of Iron in Fire- 
Air.—Fix a piece of a thin watch-spring or fine clean iron wire 
to a deflagrating spoon. Dip the end of the spring in some 
burning sulphur. Introduce it into another jar in which some 
water (about an inch in depth) has been placed. The metal 
becomes red-hot and then burns brilliantly, emitting sparks, and 
fused globules fall into the water. Examine these. They 
consist of a fused black calx of iron. 

These experiments make it abundantly clear that those sub- 
stances which burn4n air burn much more brilliantly in Fire-Air. 
As Priestley expressed it, there is a “superior goodness about 
this kind of air.” Some words Scheele wrote in 1777 also sum 
up the matter very well: “These experiments show, therefore, 
that this Fire-Air is just that air by means of which fire burns 
in common air ; only it is there mixed with a kind of air which 
places some hindrance in the way of the otherwise rapid and 
violent inflammation.” 

Fire-Air is Respirable.—We have previously come to the 
conclusion that Fire-Air is the only portion of the air which 
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supports respiration and the life of animals (p. 23). How then 
will pure Fire-Air suit them? Both Priestley and Scheele made 
experiments with animals, and found that they were much more 
lively and lived more vigorously in Fire-Air than in common 
air. Here is an interesting passage Priestley wrote in 1775 :— 

“My reader will not wonder, that, after having ascertained 
the superior goodness of Fire-Air! by mice living in it, and the 
other tests above mentioned, I should have the curiosity to taste 
it myself. I have gratified that curiosity by breathing it. The 
feeling of it to my lungs was not sensibly different from that of 
common air ; but I fancied that my breast felt peculiarly light 
and easy for some time afterwards. Who can tell but that, in 
time, this pure air may become a fashionable article in luxury. 
Hitherto only two mice and myself have had the privilege of 
breathing 30 Beg 
-. Lavoisier observed the oop prope of the new gas, and 
he often called it “w7tal air” or “eminently respirable air” 

It may be remarked that Priestley’s prediction has in a 
measure been fulfilled, for at the present time Fire-Air is in use 
in our hospitals, when it is desired to help the breathing of 
patients. 

Lavoisier’s Theory of Combustion.—In the year 1774, 
when Scheele and Priestley had independently discovered Fire- 
Air, Lavoisier was aware that sulphur and phosphorus, or the 
metals tin and lead, increased in weight when heated in the air. 
He put this down to common air getting “fixed” in them ; but 
until he heard from Priestley of his discovery he did not 
thoroughly understand what it was that occurred in combustion. 
Then when he heard of the preparation of “ Fire-Air,” as Scheele 
called it, he made those experiments which we have described, 
and he saw clearly that in any case of combustion in the air 
whether of phosphorus, or of a metal, or of a candle, or of any- 
thing else, there was a union taking place between it 
and that portion of the common air which we have 
called Fire-Air. 

This was a wide statement to make, and one which applied 
to a great many cases. The Oxford chemists had 100 years 
before come to very much the same conclusion (see p. 17), but 
every one had forgotten their work. At the time of the dis- 


1 Priestley gives it another name. 
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_ eovery of Fire-Air almost every one believed in the Phlogistic 


Theory of Combustion, and thought that when a substance was 
burnt a fiery principle escaped from it. In direct opposition to 
this, Lavoisier maintained that in combustion the Fire-Air of the 
atmosphere combined with the substance burnt, so that the 
substance produced in the combustion was more complex, not 
simpler, than that which had been burnt. As a matter of fact 
Lavoisier’s experiments and his clear statement of the case v 
soon convinced almost every 
one of the truth of his theory 
of combustion, and the former 
Phlogistic theory was aban- 
doned. 

Combustibles and Sup- 
porters of Combustion.— 
When a piece of phosphorus is 
burnt in Fire-Air,the phospho- 
rus is said in common language 
to be the combustible substance, 
and the Fire-Air the supporter 
of the combustion. According 
to Lavoisier’s theory, however, 
the combustion consists in the 
union of the two, and it is as 
correct to say that the phos- 
phorus combines with the Fire- 
Air, as that the Fire-Air com- 
bines with the phosphorus. 
Take the case of coal-gas burning in air; it is usually said that 
the air is the supporter of the cornbustion, while the coal-gas 
is the combustible substance. Here we have two gases. If the 


combustion consists only in the union of the two, why should 


we call one the combustible substance any more than the 
other? The reason is that usually coal-gas is burnt 77 air. 
But cam we burn air in coal-gas? Let us try. 

Expt. 9.1 To find whether Air will burn in Coal- 
Gas.—Obtain a lamp glass. Fit the wider end with a cork 
in which are fixed a straight piece of wide glass tubing, @ 
(Fig. 23), about to cm. long, and also a narrower piece of glass 


1 Lecture Table Experiment. 
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tubing, ¢, bent at right-angles. Fit the upper end also with a 
cork in which is fixed a short glass tube, 4. Support the lamp 
glass in the ring of a retort-stand. Connecting the tube c with 
the coal-gas supply, pass coal-gas into the glass, and light the 
gas as it issues from 0. 

Then, without turning off the gas, close the end of the tube 
with a cloth, apply a flame to a, and at once remove the cloth. 
Notice that the flame which a moment before was burning at 
the end a, has travelled up the tube and is now burning at the 
other end. This flame, moreover, must be one of air burning 
1” coal-gas. 

It is seen, therefore, that the terms “combustible ” and “sup- 
porter of combustion” are not used in a strictly accurate sense. 
They are, however, convenient. 

The fact that air can be burnt in coal-gas just as coal-gas in 
air, supports Lavoisier’s theory of combustion. Could it be 
explained by the former Phlogistic Theory ? 


THE COMPOSITION OF FIXED AIR.—The 
student has already observed that a piece of charred wood 
burns away and leaves hardly any ash. Since charcoal burns 
in air, it will probably burn all the more vigorously in pure 
Fire-Air. Let us try this. 

Expt. 10. To observe the Burning of Charcoal in 
Fire-Air.—Take a large flask or cylinder and fill it with Fire- 
Air. Place a piece of charcoal (charred bark best of all) in a 
clean deflagrating spoon. Heat the charcoal in a flame until it 
is kindled, and then plunge it into the Fire-Air. It burns with 
great brilliancy. No fumes are seen, yet the piece of charcoal 
is smaller. The only visible product is the white ash which now 
coats what is left of the charcoal. 

What has become of the charcoal? Have we any clue? Yes, 
Lavoisier’s Theory of Combustion. This theory suggests the 
idea that the charcoal (or cavdon as it is often called) has united 
with the Fire-Air, and formed some invisible air. With what 
different airs are we already acquainted? They are common 
air, Fire-Air, Spoilt Air, and Fixed Air. To see whether per- 
chance any Fixed Airis formed, pour into the flask about 20 c.c. 
of clear lime-water, cover the mouth with the palm of the hand, 
and shake well. A turbidity is at once seen. This proves 
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that Fired Air has been produced by burning carbon in 
Fire-Altr. 

It might be suggested that the Fixed Air has been driven out 
from the carbon ; but, in view of Lavoisier’s Theory of Com- 
bustion, it is more probable that the Fixed Air has been formed 
as a result of the za#zon of the carbon with Fire-Air. Let us, at 
any rate, proceed on this supposition as a “ working hypothesis,” 
and try whether we can separate carbon from Fixed Air. How 
is it likely we can do this? What substances can combine 
with Fire-Air, which we think there is in Fixed Air? Several 
metals do so, and magnesium especially readily. Let us try. 

Expt. 11. Does Fixed Air contain Carbon ?—Fill 
a jar with Fixed Air. Fix a strip of magnesium ribbon to a 
deflagrating spoon. Kindle the end of the ribbon, and plunge 
it into the jar. The metal continues to burn. A white substance 
is formed like that produced when magnesium is burnt in air. 
but it is mixed with black specks, which look like charcoal or 
carbon. Add some strong hydrochloric acid, and shake. The 
calx of magnesium is dissolved, and black specks are readily 
visible. Filter. Devise some means of proving that these 
specks are really carbon, and not some other black substance. 
Will it mark paper, and glow when heated on platinum foil ? 
Yes. 

We have, therefore, confirmed by analysis our conclusion 
(arrived at by synthesis, Experiment 10) that Fixed Air is 
a compound of carbon and Fire-Air. Notice that it was 
the application of Lavoisier’s theory of combustion which led 
up to this discovery. 

A new Name for Fixed Air.—When we were first 
studying Fixed Air it was noticed that it possessed an acid 
character, for it was found to turn litmus solution red (p. 8). 
To express the fact that Fixed Air is an acid, and that it is a 
compound of carbon, Lavoisier proposed to call it Carbonic 
Acid—a name which has been in use ever since, and one which 
we shall now employ. 

A new Name for Fire-Air.—We have found that when 
carbon is burnt in Fire-Air, carbonic acid is produced. The 
student will remember also that when sulphur and phosphorus 
are similarly burnt acids are also produced, which we have 
called sulphurous acid and phosphoric acid. T hese facts were 
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observed by Lavoisier, and led him to regard Fire-Air as a gas 
which had the property of producing acids when it combined 
with many substances. He therefore proposed to give Fire-Air 
the name Oxygen—a word which means the aciéd-producer. 
It is derived from two Greek words oxus, acid, and gennao, | 
produce. This name gradually supplanted the old one, and is 
employed by every chemist at the present day for this gas. 

At about the same time the name nitrogen was given to 
Spoilt Air, and it is the name now employed.! 

The Definition of an ‘ Hlement.”’—Many of the sub- 
stances with which we have been dealing can no longer be 
regarded as simple in nature. The air around us contains two 
different gases, oxygen and nitrogen. Calcined mercury when 
heated liberates oxygen, and mercury is left. Red lead, again, 
is a compound of lead and oxygen. On the other hand, we 
have no evidence whatever that oxygen, or mercury, or lead are 
compound in nature, and we seem to require some word to 
distinguish such substances from those which are known to be 
more complex. 

Such a word is at hand in the term Hlement, one which is 
in frequent use in ordinary language, and one which has for 
hundreds of years been employed by alchemists and chemists. 
But the Honourable Robert Boyle was the first to state clearly 
the sense in which it should beused. In his book The Sceptical 
Chemist, he pointed out in 1661 that only substances which can 
be obtained from compounds, and are not known themselves to 
be compounds should be regarded as elements. . 

DrFINITION.—An Hlement is a substance which has 
not by any known process been separated into two 
or more different substances. 

Then, lead, iron, and oxygen are, so far as our knowledge 
goes, examples of elements. Carbonic acid gas, on the other 
hand, is not an element, for we have been able to separate 
carbon from it, and we know moreover that it contains oxygen. 


The Definition of an Oxide.—We have been led to 
recognise the presence of oxygen in the red calx-of lead, in the 


1 This name was stiggested by Chaptal in reference to the fact that Spoilt Air 
could be obtained from mrfve. Nitrogen was discovered by Rutherford of Edinbutgh 
in t772 ~=Lavoisier called it asofe (a, not, and see, life). 
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white substance formed from burning phosphorus, and in the 
pungent smelling gas which arises from burning sulphur, as well 
as in carbonic acid gas. All these substances can be looked 
upon from the same point of view as compounds of oxygen 
with another substance, which, so far as our knowledge goes, is 
an elementary one. Thus, though they differ greatly from one 
another in appearance and in properties, yet from a chemical 
point of view they are all constituted in a similar way. 

It is convenient to call any such substance an oxide. 
: DerFINition.—_An Oxide isa compound of an element 
. with oxygen. 
. A name which is often used for carbonic acid is carbon dioxide. 
___ The full significance of this cannot be understood at present, but 
4 it refers to the fact that the gas is a compound of carbon and 


a oxygen. 


TABLE OF SYNONYMS OF OXIDES 


7 =e 


Tt will be useful to tabulate for purposes of reference the old names 
and also the names which have been commonly adopted since the work 


neil") 


Vay 


; of Lavoisier for some of the chief oxides :— 

f Litharge Lead monoxide 

a Rust of iron Ferric oxide 

4 Calx of tin Stannic oxide 

4 Calx of zinc Zinc oxide 

q Calcined mercury Mercuric oxide 

a Calx of magnesium Magnesium oxide, magnesia 

q Pyrolusite Manganese dioxide 
Fumes of burning phosphorus Phosphorus pentoxide 
Fixed Air Carbon dioxide, carbonic acid 
Fumes of burning sulphur Sulphur dioxide 


Matter is indestructible.—The thoughtful student has 
perhaps noticed that on more than one occasion in the pre- 
ceding pages we have assumed that matter! is indestructible, 
= and that it cannot be created. For instance, when we burnt 
: charcoal in oxygen (Expt. 10, p. 44), we saw the charcoal dis- 
appear, but we took it for granted that it had not been annihilated. 
We argued that it had combined with the oxygen forming some 
invisible gas, and we proceeded to try to find what this was, arid 


ie ‘ 1 Derinition.~—Matter (or substance) is that which has (1) weight, (2) inertia, 
: 4) size. 
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found it to be carbonic acid (Fixed Air). Then again, when 
we heated lead in the air (p. 15), and observed an increase in 
weight, we assumed that this could only be accounted for by 
some portion of the air becoming attached to the metal ; in 
other words, we did not regard the possibility of more lead 
having been created, but attributed the gain in weight to the 
addition of some external matter. 

Now the first impression of a child observing a candle 
disappear, or a small seed growing into a big plant, is that 
matter can be utterly destroyed, or, as in the case of the seed, 
grow and increase “of itself.” Let us consider therefore what 
grounds we have for assuming, as we have done, that matter is 
everlasting and indestructible. 

1. Scheele’s experiment (p. 18), in which a piece of phosphorus 
was burnt in a closed flask full of air, verified this in a very clear 
way. For no change in weight had occurred after the com- 
bustion. This showed that the heat applied had no effect 
either in increasing or decreasing the weight of the original 
substances, and that no loss of weighable matter had oc- 
curred, although the phosphorus had burnt in part away. 
Therefore, when the flask was opened under water, and it 
was found that one-fifth of the air had disappeared, we 
were perfectly justified in saying that this air had not been 
destroyed, but had combined with the phosphorus, forming the 
white solid substance. Thus, there were present in the 
flask :-— 


Before the combustion After the combustion 
Phosphorus Unburnt phosphorus 
Oxygen (Fire-Air) Oxide of phosphorus 
Nitrogen (Spoilt Air) Nitrogen 


In this case, therefore, the total weight of the substances 
after the chemical action was the same as the total weight at 
the outset. 

2. Another illustration of the indestructibility of matter may 
be taken from Lavoisier’s experiments on the calcination of mer- 
cury (p. 37). It was shown that when mercury was calcined in 
the presence of a given volume of air, the volume of the air was 
diminished by nearly one-fifth. This air was not destroyed. It 


had simply combined with the mercury forming a red substance. 
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‘or hen the calx of mercury was ealiceved and heated it 
volved exactly the same volume of air. 
_ 3. Again, a durning candle is apparently destroyed. But is 
- this so? The difficulty is to kindle a candle in a closed volume 
of air. 
_ Expr. 12.' To find whether there is a Loss of Matter 
_ when a Candle is Burnt.—Take a round-bottomed flask of 
half a litre to one litre capacity. Select a tightly fitting rubber 
_ stopper. Take a wax vesta (which may be considered a small 
_ candle), and bind one end of a piece of thin copper wire firmly 
_ round the tail of the match. The wire should be about three- 
_ quarters of the length of the flask. Make a loop at the other 
end of the wire, and tie to it a piece of wool 
a few inches in length.- Suspend the match 
_ within the flask so that its head is about half 
an inch above the bottom, and then fix the 
_ stopper in the neck, pressing the wool tightly 
_ against the glass. Make a loop in the wool 
- outside the flask, and suspend the whole from 
one arm of a balance, and exactly counterpoise 
_ it. Then remove the flask from the balance, 
and incline it so that the head of the match 
_ touches the glass wall. Cautiously warm the Fic. 24. 
flask in a Bunsen flame until the head of the 
match catches fire, and at once hold the flask upright, so that 
the match hangs freely. The match continues to burn for a 
_ short time, rather smokily, and then the flame gradually dies 
_ down and goes out. 
_A portion of the match has undoubtedly “burnt away.” Has 
there been any loss of weight? Allow it to cool for at least 
_ ten minutes. Place the flask on the pan of the balance 
again with the same counterpoise. There is no change of 
weight. Then there has been no destruction of the material 
of the match. 


These three instances will suffice to illustrate a law which is 
_ of the very highest importance in the study of chemistry, when 
_ the changes substances undergo are studied. This Law of 


* 1 Lecture Table Experiment, adapted from an experiment suggested b B. 
Coleman, in The School World, Feb., 1900. . y J. 
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the Indestructibility of Matter, or Law of Conser- 
vation of Mass, as it is often called, may be very briefly 
stated in the words :— 


MATTER CANNOT BE CREATED AND CANNOT BE DESTROYED. 


“We may lay it down,” said Lavoisier, “as an incontestable 
axiom that in all the operations of art and nature, nothing is 
created ; an equal quantity of matter exists both before and 
after the experiment. Upon this principle the whole art of . 
performing chemical experiments depends.” 

It has been found that heat has no effect either in increasing 
or in decreasing the weights of the original substances. eaz 
is clearly itself unweighable, and it must therefore be funda- 
mentally different from matter, which is weighable. This dis- 
tinction, which we owe to Lavoisier, between ponderable matter 
and an imponderable agent, such as heat, is one of the greatest 
discoveries that has ever been made. 

The discovery of carbonic acid (Fixed Air) did much to lead 
to a belief in the indestructibility of matter. It is evident 
that until it was found that carbonic acid is produced when 
charcoal is burnt, it was natural to suppose that the substance 
of the charcoal was actually destroyed. So, again, the Law of 
the Indestructibility of Matter could not be grasped until the 
discovery of oxygen was made, and the part it played in com- 
bustion had been clearly set forth by Lavoisier. 

Very truly did heele remark in 1777, “If the chemists of 
the preceding century had thought worthy of a more particular 
examination the elastic fluids resembling air which manifest 
themselves in so many operations, how advanced should we now 
be! Théy desired to see everything in corporeal form, and to 
collect everything as drops in the receiver. This is now for the 
first time better inquired into, and the air has begun to be 
carefully examined ; and who is there that does not perceive 
the advantage which the results of such experiments carry with 
them ?” 
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EXERCISES AND PROBLEMS 


The Discovery of Oxygen 


t. Find whether any of the substances, A, B, C, D, E, F,! yield 
Fire- Air (Oxygen) when heated in a Bunsen flame. 

2. Find which of the gas jars G, H, I, K, contain common air, Fire- 
Air, Spoilt Air, Fixed Air, respectively. 

3. Try to find what becomes of a candle as it burns away. Fix a 
small candle in a deflagrating spoon, light it, and introduce into a dry 
clean jar. 

4. Find the effect of heating bright copper turnings in a hard glass 
tube in a current of oxygen. 

5. Mix air and carbonic acid in gas jars in different proportions, and 
find whether a candle can burn in them all. 


1 £.g. HgO, BaOg, PbOa. KeCr207, Fee03, KC1O3 
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CHAPTER V 


+ 
THE DISCOVERY OF THE METALS! 


THE METALS DISCOVERED BY THE 
ANCIENTS 


MENTION has already been made in Vol. I. Cp. I. of the oldest 
extant chemical manuscript. Thanks, however, to the labours 
of archeologists we can state that chemical processes were 
practised in Egypt in times far more remote than those of the 
fraudulent goldsmith. 

In many parts of the British Isles there are mounds known 
as barrows or tumuli, which are the sepulchral monuments of 
an early age. They often contain the remains of bodies, along 
with pottery, ornaments, and weapons or implements. These 
ornaments,and weapons are usually of stone, but in some cases 
of bronze or iron, proying that the men, long since dead, who 
used them had some knowledge of the metals. Unfortunately 
it is usually impossible to assign any date to these tumuli. 


GOLD AND COPPER.?—The case is different in Egypt 
and Assyria, where an advanced stage of civilisation had been 
reached when the British Isles were still steeped in barbarism. 
The ruins of ancient Egyptian cities have been explored, in- 
scriptions and drawings on papyri, or clay tablets, or on the walls 


1 To Teachers.—This chapter may be postponed if desired. But, besides leading 
to an acquaintance with the sources of the common metals, it illustrates the gradual 
development of chemical knowledge and practice and ideas, and gives a training in 
accurate observation and deft manipulation, 

2 The Metals Discovered in Modern Times will be discussed in Vol. III. 
Much of the information in this chapter has been gathered from a Friday evening 
discourse delivered at the Royal Institution on Feb, 11, 1800, by Dr. J. H. Gladstone, 
F.R.S. (See Mature, vii, 504.) 
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_ of palaces, tombs, and temples have been deciphered, rendering 
it possible to assign approximate dates to the numerous metallic 
_ objects which have been unearthed. 

At Nagada, in Egypt, an enormous royal tomb was explored 
in 1897, which it is believed contained the mummy of the first 

Pharaoh, who died about 4400 B.c. Among many articles which 
it contained, of ivory, mother-of-pearl, tortoiseshell, and glass, 
_ there were some small pieces of metal—namely, a long bead 
of gold, and a bead and some fine wire of copper. These are 
_ the oldest metallic objects in the world to which we can give a 
_ probable date. 

A few small copper implements have also been found at 
Nagada, which it is believed belonged to the inhabitants of 
the Nile Valley defore the coming of the Egyptians ; if so, 
they are very old. 

The importance of these discoveries is that we may conclude 
that the Egyptians at the very beginning of the his- 
toric period were acquainted with the use of the two 
metals, gold and copper. There is no evidence that they 
_ knew of any other metal in these early years. It is interesting 
to observe that the working of gold is frequently represented in 
the Egyptian sculptures and pictures: goldsmiths may be 
seen making jewellery, weighing out the metal, melting it in 
their little furnaces with the aid of blow-pipe and pincers, wash- 
ing it, and working it into the proper forms. be 

Why were gold and copper the first Inetals to be known? 
The answer is in part to be found in the fact that they both 
occur “ native” tn the earth.! 

Gold occurs native, especially in quartz veins, and on account 
of its yellow colour readily attracts the attention. It was in 
early times found in great quantities in Asia Minor, in the 
sands of the Pactolus and of other rivers. The great Egyptian 
Kings Seti I. and Rameses II. (B.c. 1300) worked large gold - 
mines in Abyssinia. At the present day it is obtained chiefly 
from Australia, California, the Transvaal, and Alaska. 

_ Copper? is also found in the metallic state in fibrous masses, 
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1 A metal is said to be ‘ native” if it occurs as such, to be seen by the eye, in the 
crust of the earth. A mineral which contains a metal compounded with other 
material in which the metal is not recognisable, is called an ‘‘ ore.”’ 

2 Our word copper is derived from the late Latin cuprum and the Greek kupros, 

__ which record the fact that the Romans and Greeks obtained the metal chiefly from 
J the island of Cyprus. ; 
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which may be easily hammered into any desired shape. We 
can account for the early knowledge of copper, also, in the fact 
that it is easily worked or smelted from some of its ores, for 
example, from the deep blue azure, which occurs in Armenia, 
or from the dark-red cuprite. 


In order that we may in the laboratory obtain the metals 
from their ores, we must learn the use of the blow-pipe. 


To Use a Mouth Blow-pipe.—A blow- pipe (Fig. 25) will _ 


turn a sharply-pointed flame in any required direction. Close 
the air-holes of a Bunsen burner, and turn down’ the yellow 
flame, so that it is only one and a half inches in height. Point 
the blow-pipe jet a little downwards, and place the nozzle just 
within the flame, a little above and to the side of the burner, as 


Fic. 25. 


shown in Fig. 26. Blow gently, so that the flame just fails to 
hiss. A pointed blue inner flame results, surrounded by an 
almost invisible outer flame (Fig. 27). It is useful to be able 
to keep up a steady current of air for three or four minutes. 
To do this air must be breathed in through the nose by moving 
the tongue in the roof of the mouth ; the cheeks will then be 
kept distended, and form a reservoir or supply of compressed 
air.. Blow from the cheeks, not from the lungs. A metal 
mouth-piece is apt to make the lips itch: a short glass tube 
attached by a rubber connection will be more comfortable. 
Since air is added through the blow-pipe, the supply of 
air through the holes at the bottom is, as has been stated, 
cut off. The addition of air to the yellow flame changes it to 
a hotter blue flame ; but if too much air is added the flame is 
conled down again by the excess of air; when the flame is 
buzzing it shows that there is too much air. . 


Make a slight hollow upon a lump of charcoal, and place in — 
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it a few particles of the metal antzmony. Direct the tip of 
the inner blue blow-pipe flame upon the metal: it is rapidly 
a? melted. Now hold the metal in the tip of the outer flame. 
E. ‘A dense white fume is evolved, and a white incrustation forms 


upon the charcoal. What is it? The oxide of antimony. 
(Cf. Vol. Il. p. 16.) The outer flame is, of course, surrounded 
by intensely heated air, and it is the oxygen in this which is. 
readily attracted by the metal when the outer flame is directed 


Fic. 27. 


upon it. Thus the outer flame is an orydising flame. The 
character of the inner flame will become clear later. 

The Use of a Flux.—In metallurgical operations it is usual 
to mix with the ore a material which will itself readily melt, and 
therefore allow any metallic globules contained in it to flow 
together. Such a substance is called a flux (Latin, wo, I flow) 
The white substance! made by driving all the water out of 


1 Called “ anhydrous sodium carbonate.” 
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crystals of washing-soda will serve. ‘[here is a better, viz., the 
substance usually labelled “fusion mixture,” 1 which is preferred 
on account of its lower melting-point. 

The Use of Charcoal.-—In the laboratory it is usual to 
sinelt ores upon lumps of charcoal. Charcoal is used partly 
because it is a non-conductor of heat, and may be made very 
hot at one place ; but also because it is porous, and will absorb 
the flux and the impurities which the flux removes from the 
metal, so that the metal is left upon its surface. And further, 
charcoal is used because at the temperature of the blow-pipe 
flame it has an action upon many ores, tending to remove from 
them certain elements, particularly oxygen, with which the 
metals may be combined. (Cf. p. 44.) 

ExpT. 1. To obtain Copper from Azurite.2—Grind a 
small quantity to a powder. Transfer a very small amount on 
the point of a knife to the palmof the hand. Add about four 
times as much fusion mixture. Slightly moisten the blade of 
the knife with water, and mix the materials with it into a thick 
paste, and transfer this to a slight hollow. on a lump of char- 
coal. Direct the tip of the flame on to the mixture (see Fig. 26). 
The fusion mixture soon melts: then blow more strongly, and 
hold the charcoal so that the tip of the inner blue flame plays 
upon the mixture. Keep upa steady supply of air, and maintain 
the mass at a red-heat for two or three minutes. When cool, 
one or two little rough pieces of red metal can probably be 
seen. Transfer the metal with as little charcoal as possible to 
a small mortar. Crushit well. Hold the mortar so that a thin 
stream of water from a tap falls into it and carries off the char- 
coal. Examine the bottom of the crucible : several bright 
plates of copper can be seen. Notice that even at the high 
temperature of the blow-pipe flame the metal did not melt. 

Try whether you can also obtain copper from cuprite. 


TIN.—The oldest known copper articles consist of almost 
pure metal. But such copper is too soft to make efficient knives, 
razors, or carpenters’ tools. There are, however, ways of harden- 
ing copper ; for example, the addition of a small proportion of 
tin to copper forms the alloy or mixture of metals known as 

1 This is a mixture of the carbonates of potassium and sodium. 


2 Azurite is a carbonate of copper. The ordinary carbonate of copper may be used 
in this experiment if the ore is not available. 
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bronze, which is much stronger and harder than pure copper. 
It is certain, too, that Egyptians of an early age were acquainted 
with this fact. Bronze can be traced back as far as 3400.B.C., 
and at a somewhat later date bronze articles—knives, spear- 
heads, axes, statuettes, bracelets, and earrings—became common 
in Egypt. 

There is reason, however, to doubt whether the Egyptians, at 
the early date of which we have spoken, were acquainted with tin, 
or were accustomed to harden copper by adding to it tin which 
they had separated from some ore. It is more probable that 
the bronze was prepared by smelting some ore containing tin 
as well as copper. For tin is but very rarely found native, and 
it is not very easy to separate it from any of its ores, of which 
tin-stone or cassiterite is the best known. 

Exercise.—Endeavour to obtain tin from tin-stone (cas- 
siterite), proceeding as in Experiment 1. If the ore is finely 

ground, and you maintain a high temperature for some time, you 
should succeed. Can you see one or two shining globules as 
you are heating? After you have ground the product in a 
mortar, you should find a number of little white shining 
metallic plates. Tin, therefore, is found to be a white fusible 
malleable metal. 

Tin itself was certainly known in Egypt at a later date, for 
Flinders Petrie has found a small ring, dating from about 1450 

B.C., which examination has shown to be of tin. 

. Later, at the time of the Roman Empire, tin ore was largely 
obtained from Western Europe. Diodorus Siculus, who wrote 
in Greek at the beginning of the Christian era, says :—“ Tin 
comes from many parts of Iberia (Spain), not found upon the 
surface, as some in their histories have repeatedly stated, but 
dug up like silver and gold. There are many tin-mines beyond 
Lusitania throughout the islands which lie off Iberia in the 
ocean, which are called Kassiterides (Scilly Islands). And the 
ore is carried in large quantities from the island of Britain to 
the opposite land of Gaul, and is brought by the traders through 
the Keltic midlands upon horses to Marseilles and the city of 
Narbo.” In connection with this statement it is interesting to 
note that up to the present day tin ore has been worked in 
Cornwall. 

Subsequent to the extensive use of gold and copper and 
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bronze in Ancient Egypt, other metals gradually became 
known. 


SILVER.—Much of the gold known to be very ancient 
contains silver. Gold which contains much silver is pale 
amber-coloured, and was often called ‘‘ electrum.” 

But silver itself was used at a fairly early date for ornaments. 
The diadem of a king who lived about 2700 B.c. was made of 
silver and gold. The beautiful jewellery of four princesses buried 
at Dahshur, which may now be seen in the museum at Gizeh, 
contains silver, besides gold and precious gems. Later, when 
there was more frequent intercourse with the neighbouring 
nations of Asia, silver became more common. 

Silver occurs native, but only to a small extent. One of the 
ores which contains silver is known as szlver glance. 

Hixercises.—1. Try whether you can separate any silver 
from silver glance, proceeding as in Experiment 1. What is 
the character of the metal? Try its hardness by pressing it in 
the mortar. Try its brittleness by cutting it with a knife. 

2. Try to extract silver from silver residues. 


LEAD came into use about the same time as silver. It was 
often mixed with copper and tin to make an easily fusible bronze 
for statuary. 

The commonest ore of lead is ga/ena, a heavy mineral from 
which the metal is readily smelted. 

Exercise.—Smelt the metal from a little galena, proceeding 
as in Experiment 1. What is the character of the metal? It 
is fusible and very malleable. Try whether it will mark paper. 


IRON. —Contrary to what might be supposed, iron was the 
last of the common metals to be brought into general use by the 
Egyptians. It is uncertain when it was first known in Egypt, 
but it appears that as late as 700 B.C. it was still uncommon 
enough to be acceptable as a present. Rusted wedges of iron 
have been found under the obelisks of Rameses II., who lived 
about 1300 B.C., at Tanis, near Palestine ; but it is clearly not 
safe to conclude that they were put there in his reign, and that 
therefore iron was known at that time. 

It may be added that it seems certain that the Assyrians and 
Chaldzeans made us¢ of iron sooner than the Egyptians. 
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One of the chief ores of iron is ved hematite, an oxide of 
iron. In England this occurs abundantly in Cumberland, and 
at Furness in Lancashire. 

Expr. 2. An Attempt to extract Iron from Red 
Hematite by means of the Blow-pipe.—Mix the 
hzematite with fusion mixture, and heat it on charcoal until there 
is no further change. A black mass remains. ‘Take it off with 
a knife, transfer it to a watch-glass, and gently crush it. It is 
easily broken up, and evidently is not metallic iron. Iron has a 
high melting-point and even if it had been set free in the 
metallic state might not have fused together. How can we 
detect a few very small specks of iron among unchanged iron 


oxide and specks of charcoal? The charcoal may be washed 


away with water. Put underneath the watch-glass a slip of 
white paper, and bring a magnet under this. The small specks 
of iron, if any, may now be detected by seeing how the magnet 
drags them about. Magnetise a knife-blade with a magnet, 
and try whether the specks are attracted and picked up by the 
knife-blade. If so, transfer them to a watch-glass. Add to 
them two drops of strong hydrochloric acid: if they effervesce, 
you may conclude that they were small particles of metallic 
iron. 

As has been already stated, iron undoubtedly came into use 
in Egypt subsequently to the other metals which have been 
mentioned. A reason for this is given by the last experiment— 
iron is not at all readily smelted from its ores. It may, in fact, 
be stated that any nation which can smelt iron from its ores is 
relatively faradvanced in metallurgical practice. At the present 
day far larger quantities of iron than of any other metal are 
produced. The ore is mixed with coal in place of charcoal, and 
with limestone instead of the fusion mixture we have used, and 
heated in huge towers, called blast furnaces, often 90 feet high. 
The crude iron melts, and, falling down the tower, is run off 
in a liquid state from a hole in the bottom into moulds. The 
bars so obtained are known as “ pig-iron.” In the huge blast 
furnaces, as on charcoal, the separation of iron from hematite is 
a reduction of an oxide to metal. 


The Israelites, after their sojourn in Egypt, were, of course, 
acquainted with the metals used there. We read in the Old 
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Testament of their golden calf, of the “brazen”! serpent, and of 


the use of silver, gold, and brass in the Tabernacle. It is not. 


till later that we read of iron. Iron is not mentioned in Exodus. 

It is interesting to look up all references to metals in the 
earlier books of the Old Testament by means of Cruden’s 
Concordance. 

The exploration of the ruins of Lachish by Messrs. Petrie 
and Bliss since 1888 has proved particularly interesting. It 
was a city of the Amorites on the south-west border of Palestine. 
Joshua, after the victory of Bethhoron, besieged and took 
Lachish, and it became a stronghold of the Israelites ; it sub- 
sequently saw many other changes. The great mound of Tel- 
el-Hesy of the present day contains the aéér7zs of city upon city. 
In the lowest layer, containing the relics of the earliest city 
(about 1500 B.C.), have been found rough weapons of copper. 
Above this have been found bronze tools, and a few pieces of 
silver andlead. At a higher level the chief metal was iron. 
This district was finally deserted about 400 B.C. 


In Greece the order of the discovery of the metals 
followed the same course. The oldest metallic articles which 
are known date from 2000 B.c.: they include two small gold 
rings and a saw of pure copper. In the tombs of Mycenez, the 
ancient capital of Achaia, the bodies were covered with 
ornaments of gold, and to a much smaller extent with others of 
silver ; and in the ruins of the city, copper jugs and cauldrons, 
and great leaden jars for storing grain, and also elegant bronze 
razors, swords, and tools have been found. At Mycenez iron 
was a precious metal of which finger-rings were made. 

Homer, in the description of Achilles’ shield in the 18th 
book of the //zad, tells of Hepheestos, at his forge under Etna, 
working bars of gold and silver and copper and tin, heating 
them in the fire, and hammering them on his anvil into 
beautiful designs ; and how, after the shield, he forged a 
cuirass of copper and greaves of tin, and a helmet with a 
glancing golden crest. In addition to the above metals, Homer 
also mentions iron, but he treats it as a rare and costly metal, 
an iron discus being given as a prize in an athletic contest, and 
he often speaks of it as being “ worked with much toil.” 


1 The word ‘‘ brass” in the Old Testament never refers to that which we understand 
as brass, which is an alloy of zinc. It is used for cdépper or bronze, 
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MERCURY.—Long after the time of which Homer sings, 
the Greek philosopher, Aristotle, in the fourth century B.C., gave 
the first description of mercury. He called it hydrarguros, or. 
“water silver.” Indeed, on account of its liquid nature, many 
would not admit mercury to be a metal, and it was not until it 
was frozen solid (in 1760) that it was accepted as a true metal, 
which, unlike every other metal, is a liquid at the ordinary 
temperature. 

Mercury is found in small globules along with its chief ore 
Cinnabar. This ore occurs in heavy red masses in Hungary, 
California, China, and Japan. 

Expr. 3. To obtain Mercury from Cinnabar.—En- 
deavour to obtain mercury by smelting cinnabar upon charcoal, 
proceeding as in Experiment 1. You fail. Why? Because 
mercury is volatile, and any of it which may be separated is 
certain to volatilise under the intense heat of the flame. 
Obviously, then, the ore must be heated in such a way that the 
mercurial vapour may be condensed. 

Take a glass tube about 8 inches long with a bulb at one end 
(Fig. 28). This may be made from the ordinary soft glass 


Fic. 28. 


tubing. Mix a little finely-powdered ore as before with four 
times as much dry fusion mixture and a little powdered char- 
coal, and introduce the mixture by a paper channel into -the 
bulb. Clean the tube with a roll of filter-paper. Warm the bulb 
very gently in the flame: probably some water will be driven 
off and condensed on the tube; absorb this, so long as it is 
given off, with a roll of filter-paper. Then heat the bulb rather 
more strongly. Look for a number of little globules of mercury 
deposited on the cool glass tube. Examine with a magnifying- 
glass. Hold the tube up to the light. The deposit looks black 
and opaque. Hold it in the light, but on a dark background, 
The deposit looks bright, reflecting the light. In this way 
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particles of mercury may be distinguished from other substances, 
for it reflects, but does not transmit, light. 


Brass. —Aristotle also described a method for producing 
the alloy we call brass, which isa mixture of copper and zinc, 
by heating copper with the mineral ca/amine which contains 
zinc. Metallic zinc itself was not, however, known for another 
2000 years (about 1600 A.D.). 


The discovery of seven metals has been spoken of—gold, 
copper, tin, silver, lead, iron, and mercury. No others were 
generally known at the opening of the Christian era. It is 
doubtful whether any other metal was discovered till the end of 
the sixteenth century A.D. This fact may seem extraordinary, 
but most of the metals discovered during the last 300 years 
require new methods in separating them from their ores. Some 
other metals were not discovered at an earlier date, because the 
ores in which they are hidden are rare. 


ORES WHICH CLOSELY RESEMBLE METALS 


It is interesting to observe that the Greek word jéradXov 
from which was derived the Latin me¢al/um and our word mezai, 
meant a “mine” or “quarry.” The Latin word metallum was 
applied not only to what we now call metals, but to anything 
found in mines, 7.e. to any minerals. There is little doubt that 
the medieval belief in the transmutations of the metals was 
supported by this wide application of the word “metal” 
(cf. Vol. I., Chapter I. p. 2). Indeed, various ores do resemble 
metals very closely. We may take three examples to illustrate 
this. 

Tron Pyrites is a widely-distributed ore of which large 
masses are found in Anglesea. Select a piece in which the 
shining blocks of ore are closely packed together and enclosed 
in a matrix of rock. Observe the weight of the ore, the yellow 
colour (a shade greyer than gold), the opacity, its crystalline 
form, and, above all, its bright metallic lustre. 

Copper Pyrites is often closely associated with the above 
ore. Quantities of it are found in Cornwall. It has the colour, 
the opacity, and the brightly-reflecting surface of brass, and it 
has a density which is suggestive of a metal. 
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Galena is a third ore of great importance, which might as 
readily and excusably be mistaken for a metal by a modern 
school-boy as by a philosopher of by-gone times. It has a 
leaden-grey colour, metallic lustre, and great density. Veins of 
galena run through the coal measures of Northumberland, 
Cumberland, Derbyshire, and Yorkshire. . 

We have previously observed the effect of heating various 
metals in the air (see Vol. I. p. 84, and Vol.II. p. 14). Let us 
also heat these minerals. | 

Expt. 4. To observe the Effect of roasting Iron 
Pyrites.—Take a piece of hard glass tubing about 20 cm. long, 
and bend it slightly at a short distance from one end. Take up 
a few particles of the powdered ore on the point of a knife, and 
deposit them in the elbow of the tube. Heat the elbow, first in 
the luminous Bunsen flame, then in the non-luminous flame, 
and lastly with a blow-pipe, holding the tube as upright as 
possible to promote a draught. When strongly heated, observe 
the odour of the gases passing out of the tube. After the ore 
has been strongly roasted, observe the colour and appearance 
of the residue, and also of any sublimate which is deposited 
further up the tube. 

Find also the effect of roasting (a) copper pyrites, (2) galena, 
in an elbow tube. , 

From each ore a gas is evolved which you recognise by its 
pungent odour as sulphur dioxide. A sublimate of sulphur is 
also obtained from the two named pyrites. The residue from 
iron pyrites is a dull red powder. That from copper pyrites 
may be purplish in colour. That from galena is white. In the 
case of galena you may also observe a sublimate of yellow 
litharge. In each case, then, a calx or earth is left, while the 
fumes of burning sulphur are evolved. 

Two very different statements of what has occurred might 
conceivably be made. We might say, as some of the alchemists 
did, that these ores are me¢a/s, and that the sulphur has been 
separated from each of them, and that therefore sulphur is a 
constituent of each “metal,” and therefore perhaps of all 
metals. And so we might conclude that by adding to or 
taking away from the amount of sulphur in one of these, we 
might change one metal into another; for example, when 
galena is heated on charcoal and lead obtained, we might take 
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the view that the galena by losing sulphur is changed into 
lead. ? 

On the other hand, we might take the view of modern 
chemists that these ores are not metals, but substances con- 
taining sulphur along with other material, including perhaps a 


true metal ; according to this view, when lead is obtained by 


heating galena on charcoal, the galena is not changed into lead, 
but the lead which is all the time present in the galena is 
separated from the sulphur which the galena also contains. 

The great similarity between some of the sulphur ores and 
the metals proper doubtless had considerable influence in 
establishing the belief in the possibility of transmuting the 
metals, which dominated the minds of medizval chemists. 
This belief led to much desultory cheiical research in the 
pursuit of the noble metals, which, although it was of much 
value in leading to a knowledge of laboratory operations, 
retarded the true development of the science, and led chemistry 
to be associated with jugglery and chicanery. The alchemists 
even supposed that the several metals had their birth under the 
influence of particular heavenly bodies, and commonly denoted 
them by the signs used for the planets or stars. For instance, 
gold received the sign of the Sun, and was spoken of as Sol ; 
silver was connected with the Moon, and iron with Mars. This 
astrological notion has come down to the present day in the 
name of Mercury for quicksilver. 

The Definition of a Metal.—What characters should a 
metal possess? So far as we have gone, it would appear that it 
must possess a special lustre, and it must be hard, dense, 
opaque, malleable, and fusible. 

Whether this definition is sufficient, or whether it may need 
modification, further discoveries will decide. 


PROBLEM 


Find what metal, if any, can be extracted from the substances, 
Avs, &, D4 


1 PbgOq, CuO, FegOs, HgO 
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CHAPTER VI 


THE ACTION OF ACIDS ON METALS.—THE DISCOVERY OF 
“INFLAMMABLE AIR ” 


EARLY in the seventeenth century it was reported that an 
inflammable air had been obtained by the action of sulphuric 
acid upon iron. The statement, however, attracted little or no 
attention, and until the time of the Hon. Henry Cavendish, in 
the next century, nothing further was known of any “ Inflam- 
mable Air.” In the year 1766 this chemist published a paper 
entitled “Experiments upon Inflammable Air,”! in which he 
described the effect of treating different metals with the chief 
acids. 

_ Let us set ourselves the same problem, and proceed to examine 


_ systematically the action of hydrochloric acid, sulphuric acid, 


and nitric acid upon the following common metals :—zinc 
(granulated, or in strips of the sheet metal), iron (thin piano- 
forte wire or filings), tin (foil or granulated), lead (sheet or 
granulated), copper, (turnings), aluminium (foil), and mag- 
nesium (ribbon or wire). 


THE DISCOVERY OF INFLAMMABLE AIR 


[A.] Action oF HypRocHiLoric ACID UPON METALS 


Expt. 1. To find the Effect of Hydrochloric Acid 
upon Zinc.—Place two or three pieces of zinc in a test-tube. 
Add some strong hydrochloric acid, diluted with twice its 
volume of water. An immediate and rapid evolution of some 
air or gas takes place. 


1 Phil. Trans. of the Royal Society, 1766, p. 144. 
VOL. II F 
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Let us try whether the gas from zinc and hydrochloric acid is 
one of those we already know. 

Expt. 2. Does the Gas from Zinc and Hydrochloric — 
Acid support Combustion ?—Place some zinc in a test- 
tube. Add some weak hydrochloric acid. Introduce a lighted 
splint into the mouth of the test-tube. There is a slight explo- 
sion, and a flash travels down the tube. Repeat. The gas 
burns with a blue flame. 


PROBLEMS 


Find the effect of hydrochloric acid on magnesium, tin, iron, copper, 
lead, aluminium. Tabulate your results. Try first with strong acid, 
diluted with twice its volume of water. If there is no action, try with 
undiluted acid, and heat cautiously. State in each case whether any 
gas is evolved, and if so find whether it is an Inflammable Air. 


The gas must be different from any gas we have had before, 
for a splint does not burn in it, as it does in atmospheric air or 


Fic. 29. 


in oxygen ; on the other hand the gas itself burns, being thus 
unlike nitrogen or carbonic acid. It was this property which 
led Cavendish to call it Inflammable Air. Find whether 
the gas can be collected over water (cf. Experiment 2, p. 2). 
Yes. 

Expt. 3. Preparation of Inflammable Air.—Place 
about 20 grams of zinc in a flask provided with a delivery tube 
and a thistle funnel (Fig. 29). Add water so as to cover the 
zinc and the end of the thistle tube. Add gradually 25 c.c. 
hydrochloric acid previously mixed with an equal volume of 
water. It has been shown that at first the gas is explosive. 
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At this stage the gas in the delivery tube is like a train of gun- 
powder, the bottle like abombshell. A light applied to the end 
of the tube would cause disastrous results. Collect the gas, a 
test-tube full at a time, over water. Try each test-tube full of 
it with a light. At first the gas explodes. The later portions 
catch fire gently, and the flame travels slowly down the tube. 
When it burns quietly collect the gas in larger quantities. Fill 
four jars. Half fill a gas jar with water, and invert it in the 
trough. Fill it up with the gas. It now contains air and the 
gas in equal parts. Set it aside. 

Finally, add water down the thistle tube to dilute the acid 
and stop the action. Pour the liquid away. Keep the zinc 
that is left, after washing it with more water, for future use. 


Properties of Inflammable Air 


Expt. 4. Inflammable Air cannot burn without 
Common Air.—Light a taper. Hold a jar of the gas mouth 
downwards, and quickly plunge in a burning splint. The gas 
burns quietly at the mouth of the jar, and the pale flame then 
travels upwards. The splint which was pushed into the centre 
of the jar is extinguished. As Cavendish remarked, “ It ap- 
pears that this air, like other inflammable substances, cannot 
burn without the assistance of common air.” 

This burning of Inflammable Air with a pale flame when only 
partially exposed to the atmosphere serves as a Zes¢ to distinguish 
it from other gases. Is it not likely, then, that the burning 
will be much more violent when the Inflammable Air is md¢xed 
with common air? 

Expr. 5. To burn Inflammable Air mixed with 
Common Air.—Apply a lighted taper to the gas jar set aside, 
containing the mixture. There is a sharp explosion, or as 
Cavendish expressed it, the mixture of the two airs “goes 
off with a bounce.” We now can see some reason for the 
precautions taken in Experiment 3. 

Expt. 6. Is Inflammable Air lighter than Common 
Air ?—(a) Place a jar containing the gas mouth upwards on 
the table. Remove the lid. After one minute insert a burning 
splint. The content does not catch fire. It must have escaped. 


So it is lighter than air. 
F 2 
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(6) Hold a small strong jar A mouth downwards in the air. 
Try to pour the gas upwards into it from a jar B (Fig. 30). 
Apply a light to A. There is an explosion. 

On account of the lightness of the gas it has been used for 
balloons. Soap bubbles blown with it will rapidly ascend 
through the air. Then will it not be possible to collect 
Inflammable Air by wfward dis- 
placement ? Suggest an apparatus. 
Try it. 

An experiment similar to Ex- 
periment 6, p. 6, may also be 
tried. 


It can be shown that it is the 
same gas—“Inflammable Air ”— 
which is obtained by the action of 

(a) Weak hydrochloric acid on 

iron, magnesium, aluminium, 
zinc. 

(6) Strong hydrochloric acid on 
tin. 

Hydrochloric acid has little or no action on copper and 
lead. 


FIG. 30. 


[B.] ACTION OF WEAK SULPHURIC ACID UPON METALS. 


Expt. 7. Do Weak Sulphuric Acid and Zinc evolve 
Inflammable Air ?—Place two or three pieces of zinc in a 
test-tube. Add some weak sulphuric acid (1 part acid, 8 parts 
water ; see Vol. I., p. 154, Experiment 3). A gas is rapidly 
evolved. Apply alight. It burns. It is Inflammable Air. 


PROBLEM 


Find the action, if any, of cold weak sulphuric acid (1:8) upon 
aluminium, magnesium, iron, tin, copper, lead. 


Inflammable Air is commonly prepared by the action of weak 
sulphuric acid upon zinc in a way similar to that described in 
Experiment 3. 

Precautions in the Preparation of Inflammable Air. 
—(1) The gas is often made in a Woulffs bottle of thick glass. 
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Though this is not readily broken by heavy pieces of zinc falling 
into it, thick glass is specially apt to crack on heating. It is 
important, therefore, to keep the contents coo/. 

(2) After mixing 8 parts of water with 1 part of sulphuric 
acid, set the mixture aside to cool; otherwise it might crack 
the Woulff’s bottle. It is better still to keep a stock of diluted 
acid ready. 

(3) Make sure that all air is expelled before the gas is collected 
(see p. 66, Experiment 3). 

(4) Should the contents of the bottle become hot, the current 
of gas will probably slacken. It is then best to pour off the 
liquid, wash the zinc, and start afresh. 

(5) Take care not to breathe the gas made from ordinary 
impure zinc. . 

(6) The addition of a few drops of a solution of copper sulphate 
often quickens the current of gas.! 

Expt. 8. To find what becomes of the Zinc in the 
Preparation of Inflammable Air.—(1) Zinc placed in 
excess of dilute sulphuric acid entirely disappears. Can it be 
recovered? Fill a beaker one-third full with dilute sulphuric 
acid. Put in several pieces of zinc. A vigorous effervescence 
goes on and gradually subsides. Why does the effervescence 
cease? Is the sulphuric acid all spent? Or the zinc all used 
up? Add more zinc. Effervescence begins again. This shows 
there is still some acid in the liquid. Go on adding zinc from 
time to time until there is no more action, and the sulphuric 
acid has spent itself. The liquid now contains undissolved zinc, 
and floating black specks, which are impurities left by the 
dissolved zinc. Filter. Evaporate over wire gauze, and try to 
crystallise. 

Not zinc, but long white crystals are obtained. Examine 
them. Their crystalline form, their “salty ” rather bitter taste, 
and the readiness with which they dissolve in water (the solu- 
tion is shown by litmus to be slightly acid) may lead us to class 
the substance with nitre, with sal-ammoniac and others, which we 
have called sa//s (cf. Vol. L., p. 167). We may in fact regard it 
as a salt, prepared by a new method, and we may suitably call 
it zine sulphate. 

Try the effect of heating a small quantity of the substance in 


1 See Appendix for a description of Kipp’s Hydrogen Apparatus. 
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a dry test-tube. It Contains water of crystallisation, and a 
white amorphous residue is left. Determine the percentage of 
water of crystallisation, proceeding as in Vol. I., p. 141, Experi- 
ment 12. 

It is found to contain 44 per cent. 

(2) Repeat with hydrochloric acid and zinc. You will have to 
evaporate to a very small volume, and even then may not 
succeed in obtaining any crystals. Evaporate some of the clear 
liquid on a watch-glass upon a sand-bath. The white non 
crystalline solid at last obtained is the salt zine chloride. 
This substance, when exposed to the air, rapidly becomes liquid 
through attracting the moisture in the air, and dissolving in 
it. Such a substance is said to be deliguescent. 


PROBLEMS 


Prepare the following salts and describe their appearance- 
(1) Sulphates of magnesium, iron, nickel. 
(2) Chlorides of magnesium, tin, iron. 


What is the Source of Inflammable Air ?—Does the 
Inflammable Air come from the metal ? We have obtained it 
by using several metals ; then, if it comes from the metals, they 
are not elements. Or does it come from the acid? If so, more 
than one acid contains it as a common constituent? Or does 
the Inflammable Air come from both the metal and the acid? 
Does it perhaps come from the water? And is it an element 
or a compound ? 

We cannot as yet answer these questions. We must wait for 
further evidence, and must in the meantime endeavour to avoid 
stating that the gas is obtained from the metal. 


Measurement of the Volume and Weight of In- 
flammable Air obtainable by the Action of Acids on 
Metals. 

Exrt. 9. To find the Volume of Inflammable Air 
obtainable by means of 1 Gram of Magnesium.— 
Fit up the apparatus shown in Fig. 31, consisting of funnel, 
rubber tube, burette, and wide glass dish or beaker. The 
rubber tube 4 must fit the burette tightly. Take 5 cm. of 
magnesium ribbon. Its weight will be only a few centigrams, 
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and a single milligram will make a large percentage difference 
in the result. Weigh, if possible, exactly to a milligram. Dis- 
connect the rubber tube from the burette. Gently bend the 
magnesium. Push it one-third of the way up the burette to a. 
Suck water up the burette till it nearly reaches the top of the 
graduations. Close the tap. Re-attach the rubber tube. 
Support the whole by the ring of a retort-stand. Half fill the 
funnel with dilute hydrochloric 
acid. Read the level of the water. 
Gently open the tap. Acid runs 
through. As soon as bubbles start 
from the magnesium turn off the 
tap. The magnesium is quickly 
and almost entirely dissolved. 
The burette must now be slightly 
tilted and a few more drops of acid 
skilfully run down the side to dis- 
solve the rest of the metal. Again 
read the position of the liquid in 
the burette. Subtract one reading 
from the other. 


Thus, in an experiment, 
‘025 gram magnesium gave with 
acid 23 c.c. Inflammable Air. 
Hence, I gram magnesium would 


; oe 
give with acid “025 or 920 c.c. 


Inflammable Air. 


Do you find that equal weights 
of magnesium give with acid the {im 
same volume of gas ? 


Exercise.— Weigh accurately about o'r gram of zinc foil in a thin 
strip. Find the volume of Inflammable Air obtained by the action of 
hydrochloric acid upon it. 


Expr. to. To find the Volume of Inflammable Air 
obtainable by means of 1 Gram of Zinc.—Fit up the 
apparatus shown in Fig. 32, consisting of a 4-oz. flask, Winchester 
pint bottle, beaker, rubber corks, glass tubes, rubber. junctions, 
and clip. The rubber corks szus¢ fit the flask and the bottle 
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tightly. Nearly fill the bottle with water. Open the clip 
Suck at the end of the tube d so as to fill it with water, and then 
close the clip ¢. The tube will remain full of water. Place an 
empty beaker under @. Fill the flask 6 half full of dilute 
sulphuric acid (1 of acid to 3 of water). 

Weigh out accurately about 1 gram of zinc foil. Remove the 
flask 6 attached to the cork, introduce the zinc, and af once 
replace the cork, and open the clip c. The gas evolved as the 
metal is dissolved enters the Winchester bottle, and forces an 
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equal volume of water through the tube into the beaker. If the 
solution of the metal slackens or stops, the flask 6 must be heated 
over wire gauze. 

When the metal is completely dissolved the flask @ and its 
contents are found to be hot, and must be cooled. Why? This 
can be readily done by placing the flask in a tumbler of cold 
water, and gently shaking the flask so as to cool its sides and 
the gas within it. Next, raise the beaker @ until the level of the 
water in it is the same as that of the water in the bottle. Then 
close the clip c. Now measure the volume of the water in the 
beaker by pouring it into a measuring jar. This is also the 
volume of gas evolved on the solution of the metal. 

Thus, °95 gm. zinc gave with acid 350 c.c. Inflammable Air. 


Hence, I ,, - " == CC 


= 368 cc 9 
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‘PROBLEMS 


Find the volume of Inflammable Air obtainable from 1 gram of 

(1) Zine with dilute hydrochloric acid (1 of acid to 2 of water). 

(2) Iron with (a) dilute sulphuric acid (1 of acid to 3 of water), 
(4) dilute hydrochloric acid. It may be necessary to heat the flask 4. ° 

(3) Magnesium with (a) dilute sulphuric acid, (4) dilute hydrochloric 
acid. Wrap the metal in paper. Take about 0°25 gram metal. 

(4) Tin with strong hydrochloric acid. It will be necessary to heat 
the flask 4. 

(5) Aluminium with dilute hydrochloric acid. Take about 0°25 gram 
metal. 

Can you sum up your results in one or two general statements ? 


Results.—Compare your results with the following ean — 
results obtained by a class of boys for the volumes of Inflam- 
mable Air obtainable from 1 gram of metal and hydrochloric or 
sulphuric acid. 


‘ | Hydrochloric Acid. Sulphuric Acid. 


oS PRRs Sgeerree 224 C.C. — 
MUNG esas ae eve pyaar? 376 c.c, 
ROME tee ses ee we 452-9 AGA Siys 
Magnesium... .... .. | 1008 ,, {ao ae 
Alomimium... ... ... | 4340 5; -- | 


What ab these results show? Do not 
the numbers suggest the conclusion, to 
which Cavendish came, that 

(a) the same volume of Inflammable 
Air was obtained whether sulphuric or 
hydrochloric acid was used, 

(4) the same weight of different metals 
gave different volumes of Inflammable 
Air. 


*Exprt. 11. To find the Weight of 
Zinc by means of which 1 Gram 
of Inflammable Air can be ob- 
tained. —Fit up the apparatus shown 


in Fig. 33, consisting of a 4-oz. flask, “ drying tube,” cork, 


®, 
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and bent glass tube. The flask must be light, and of thin 
glass. Pack the tube with dry “calcium chloride.” Fill one- 
quarter of the flask with dilute sulphuric acid. Add one or 
two drops of a solution of copper sulphate. Weigh the whole 
on a good balance. Weigh out accurately 0°5 to 1 gram of pure 
zinc foil. Remove the cork, introduce the zinc, and at once 
replace the cork. If the evolutioh of gas becomes rapid, the 
flask must be cooled by placing it in cold water. Calcium 
chloride attracts water, and its purpose is to prevent the escape 
of water with the gas. When the zinc is completely dissolved, 
dry the outside of the flask with a cloth and weigh again. 
Thus :— 


Weight of flask and acid = 98°689 gm 

Weight of zinc... = OFT s, 
Then, Weight of flask, acid, smd 3 zinc . = 99°660 ,, 

Final weight of flask, &c. ... ... = 99°628 ,, 
Hence, Weight of Inflammable Air evolved... = O32 5, 


Thus, 
‘032 gram Inflammable Air was obtained by means of 0°971 gram zinc. 
Hence, 


1 gram Inflammable Air was obtained by means of 30°3 grams zinc. 


It will probably be difficult to obtain an accurate result on 
account of the very small weight of the Inflammable Air. Still, 
it was in almost exactly this way that Cavendish tried to answer 
the same question. 


The Weight of 1 Litre of Inflammable Air can now 


be calculated. For we have found that— 


I gm. Zinc and acid liberate 376 c.c. Inflammable Air. 
*e GO"s 55 ‘9 55 ‘4 376 X 30°3 c.c. 4 
= 51,3923 6 ms 
= 11°4 litres ” 


But 30°3 gram Zinc liberate 1 gm. 
- 11°4 litres of Inflammable Air weigh 1 gm. 


; I 
I litre - weighs —— gm. 
oe ara 


= 0'09 gm. 


| Inflaninable Ase by coast Se econient. eae | 
to burn Inflammable Air at the end of a delivery roy eh, 


“pages precautions. Obtain some idea of the temperature 
e by observing its effect on thin iron and copper wires. i 


CHAPTER VII! 


THE ACTION OF ACIDS ON METALS.—THE DISCOVERY OF 
VOLATILE SULPHUROUS ACID 


ACTION OF STRONG SULPHURIC ACID UPON METALS.— 
This is the next question to be considered in continuing our 
research upon the action of acids upon metals. 

Expt. 1. To find the Effect of Strong Sulphuric Acid 
upon Zinc.—Place a piece of zinc in a test-tube. Cover it 
with strong sulphuric acid. A few bubbles are given off. Warm. 
The bubbling increases. A gas is given off. Test it with a 
light. * A splint is extinguished in it, and the gas does not catch 
fire. It is not Inflammable Air. It has a strange pungent 
sulphurous smell. A new gas is being formed. (Allow the acid 
to cool before pouring it into cold water and throwing away.) 


PROBLEM 


Find the effect of hot strong sulphuric acid upon copper, iron, tin, 
mercury, lead. 


Cavendish observed in 1766 that on heating zinc, iron, or tin 
with strong sulphuric acid, there was given off what he called 
Volatile Sulphurous Acid.? He did not collect it, nor 
examine it. This was first done by Priestley in 1775. He 
collected the gas over mercury (we shall see presently why 
he did not collect it over water). Since the gas was obtained 

1 Some teachers will prefer to proceed at this stage with the study of the Com- 
position of Water (Chapter IX.), before pursuing further the lines of Cavendish’s 
research on the Action of Acids upon Metals (Chapters VII. and VIII.), which does 


not lead to a study of substances so important as Inflammable Air. 
2 It is now known as sulphur dioxide, 
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by the action of strong “vitriolic acid” on metals, Priestley 
called it wztriolic acid air. , 

It is best prepared by means of copper and strong sulphuric 
acid. 

Expt. 2. Preparation of Volatile Sulphurous Acid. — 
Introduce 10 grams of copper into an 8-oz. flask. Fit it with a 
_ stopper through which are passed a thistle funnel and a delivery 
_ tube bent twice at right angles (Fig. 34). Support the flask 


upon wire gauze on a tripod stand, and place a avy jar so as to 
collect the gas by downward displacement. Add 50 c.c. of 
strong sulphuric acid. Heat cautiously. Plunge a burning 
splint from time to time into the jar. As soon as it is extin- 
guished at the mouth of the jar, remove the jar, closing it with 
a stopper or glass plate, and substitute another dry jar. Fill 
three jars. 
. Half fill a test-tube with water. Pass the current of gas to 
the bottom of it. Notice that the bubbles of gas do not reach 
the surface. The gas must be soluble in water. (Water, at the 
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ordinary temperature, can absorb about 4o times its own volume 
of the gas.) After passing the gas into the water for five minutes, 
disconnect the flask and place it in a fume closet. 


Properties of Volatile Sulphurous Acid. 


We have observed that the gas is not inflammable, and that it 
does not support combustion. It is heavier than air (for we 
were able to collect it by downward displacement). It possesses 


A al 
> 4 
Pa 


a suffocating sulphurous odour, unlike any other gas we know. _ 


Why could we not collect it over water ? 

ExPT. 3. Is it soluble in Water ?—Invert a jar filled with 
the gas in water, and withdraw the glass plate closing its mouth. 
Shake the jar so as to wet the sides. The water ascends in the 
jar. Why? The gas is certainly soluble in water. If there be 
any residue left in the jar after shaking, find out what it is. 

ExPT. 4. Properties of the Aqueous Solution of the 
Gas.—Divide the liquid into three parts :— 

(2) Smell it ; it has the same odour as the gas. Taste it ; it 
is acid. ; 

(6) Add blue litmus ; it is reddened. 

(c) Add lime-water ; there is no turbidity. 

Expt. 5. To show that the Gas bleaches many 
Colouring Matters.—(a) Pour a dilute solution of the dye 
magenta into a jar containing Volatile Sulphurous Acid. Cover 
the mouth with the hand, and shake well. The colour is nearly 
or entirely destroyed. 

(6) Place some red or blue flowers in a jar of the gas. The 
colours are soon destroyed. 

The gas is used for bleaching straw, silk, and woollen goods. 

We must for the present leave this bleaching action un- 
explained. 

Volatile Sulphurous Acid is found also to be a disinfectant. 
Rooms, bedding, and clothing which contain disease germs are 
therefore often exposed to the action of the gas. 


Expt. 6. To find what becomes of the Copper in 
the Preparation of Volatile Sulphurous Acid.— 


(1) When the mixture in the flask (Experiment 2) is cold, pour, 


the liquid slowly and as completely as possible into water, 
Examine the cake which remains in the flask. Add a little 
water. Some small blue crystals can probably be seen. Warm, 
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_ soas to dissolve the crystals, and filter the liquid into a crystallis- 


ing dish, and allow it to cool. Beautiful blue crystals are deposited, 
which may be dried upon filter-paper. What are they? 

(2) You may have noticed accidentally that if a knife is mois- 
tened with the blue solution, the steel is reddened. Confirm 
thus: dissolve some of the blue crystals in a little water, and 
dip a clean steel knife-blade into the blue solution. A copper- 
coloured deposit is at once formed on the steel. It is evident, 
therefore, that the blue crystals contain the copper, and we may 
name them sulphate of copper. 

Their similarity to crystals of Blue Vitriol is evident, and by 
determining their percentage of water of crystallisation, and by 
other tests, they may in fact be proved to be crystals of Blue 
Vitriol. 


PROBLEM 


Find what gas is given off by the action of strong sulphuric acid upon 
(2) magnesium, (4) aluminium. 


The Composition of Volatile Sulphurous Acid.— 
Priestley quite expected that when Volatile Sulphurous Acid 
was dissolved in water sulphuric acid would again be obtained. 
But, on the contrary, as he himself wrote in 1775 :— 

“Water impregnated with Volatile Sulphurous Acid differs 
remarkably from sulphuric acid.!’ Its acidity is now become 
trifling to what it was, and from being the most fixed and 
strongest, it is now become the weakest and the most volatile 


of all acids—the smell of it being intolerably pungent, and 


almost the whole of it evaporating when it is exposed to the 
open air.” 

It is therefore evident that the gas does not occur in solution 
in ordinary sulphuric acid. 

Let us call the acid which is formed when the gas is dissolved 
in water Sulphurous acid, and so distinguish it from sulphurzc 
acid. 

The odour of Volatiie Sulphurous Acid is very similar to that 
produced when sulphur is burnt in oxygen or in ait. Why? 
Perhaps the same gas is produced by burning sulphur as by the 
action of strong sulphuric acid upon metals. 


Expt. 7. To find whether the Burning of Sulphur in 


1 His own words here are “ vitriolic acid air ” and “ vitriolic aciwd;” 
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Oxygen also produces Volatile Sulphurous Acid.— 
Place some sulphur in a deflagrating spoon.» Light it and 
plunge it into a jar of air. Test the properties. of the contents 
of the jar, and compare them with those of Volatile Sulphurous 
Acid. They are the same. 

But what is the composition of the fumes of burning sulphur ? 
According to the Theory of Combustion advanced by Lavoisier, 
they are produced by the union of the oxygen of the air with 
sulphur. And if this is so, the gas liberated by the action of 
strong sulphuric acid upon copper and other metals must also 
be a compound of sulphur and oxygen, for we have just. 
proved it to be identical with the fumes of burning sulphur. It 
must be an oxide of sulphur, and not an elementary 
substance. 

In that case what is the source of the oxygen, and of the sul- 
phur in the gas Volatile Sulphurous Acid when prepared by 
the action of oil of vitriol upon copper? The copper? or the 
oil of vitriol? Now, oil of vitriol can be prepared from green 
vitriol, and green vitriol can be obtained by exposing iron 
pyrites to the air and moisture, and we know that iron pyrites 
contains sulphur (see Vol. II., p. 63). It is, therefore, quite pos- 
sible that oil of vitriol contains sulphur. Moreover, the copper 
cannot have been decomposed, for it has been proved that the 
copper could be recovered from the crystals of blue vitriol, 
which were obtained. It is, therefore, almost certain that the 
sulphur and oxygen in Volatile Sulphurous Acid are derived 
from the oil of vitriol, and that this acid contains sulphur and 
oxygen. And we can now understand why oil of vitriol may be 
called su/phuric acid. 


PROBLEMS 


1. Find whether any air disappears when some sulphur, melted and 
ignited in an iron spoon, is poured into a dry flask, which is then 
immediately stoppered. 

2. Find whether the products of burning sulphur are heavier than 
the original sulphur. Place about 0°3 gram sulphur in the bulb of a 
calcium chloride tube, and attach the other end by a rubber cork to 
another similar tube packed with soda lime. Arrange to suck a slow 
current of air, as in Experiment 9, p. 19, over the sulphur and through, 
the second tube. Weigh the two tubes separately, both before and 
after the combustion, 


CHAPTER VIII 


THE ACTION OF ACIDS ON METALS—THE DISCOVERY 
OF NITROUS AIR 


ACTION OF NITRIC ACID UPON METALS.—It remains to try 
the action of nitric acid upon metals. 

Expt. 1. To find the Effect of Cold Nitric Acid upon 
Copper.—Place about 1 gram of copper in a small flask. 
Mix 5 c.c. strong nitric acid with 5 c.c water. Cool the 
mixture. Pour it into the flask. Is there any action? There 
is an effervescence. Copious red fumes are evolved. Test it 
with a lighted splint. It is extinguished, and the gas does not 
burn. There is a characteristic smell. Red fumes appear. 
Yet another new gas is being formed. 


PROBLEM 


Find the effect of nitric acid (1 to 1) upon iron, tin, lead. 


You have been repeating experiments which were made 


more than 100 years ago. Cavendish, in 1766, tried the action 


of nitric acid upon zinc, iron, and tin. When giving an account 
of his experiments, all he wrote was :— 
“ All these metallic substances dissolve readily in the nitric 
acid and generate air, but the air is not at all inflammable.” 
Priestley was the first to collect the gas and examine its 
properties. This is what he wrote :—! 
* “On the 4th of June, 1772, I first found this remarkable 
1 Experiments and Observations on Different Kinds of Air, Dr J. Priestley, 
£790 edition, vol. 1, p. 328. 
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species of air... . When I first began to speak and write of 
it to my friends, I happened to distinguish it by the name of 
‘Nitrous Air’! because I had procured it by means of spirit 
of nitre.” 

Priestley wrote that he also obtained Nitrous Air by the 
action of nitric acid upon iron, tin, and lead, but none in the 
case of zinc. Further, he adds :— 

“T have generally found it most convenient to get Nitrous 
Air from copper, on account of the pretty equable solution of 
the metal in the nitrous acid. If iron is made use of, the ~ 
process is much more difficult.” 

The method of preparation by means of copper is still 
commonly used. 

Expt. 2. Preparation of Nitrous Air.—Fit up the 
apparatus in Fig. 35, with a glass delivery tube. Place 30 


grams of copper turnings in the flask. Mix 50 c.c. strong nitric 
acid with 50 c.c. water. Cool. Pour the acid down the funnel 
so as to cover the end of the tube. Red fumes are produced. 
At first little gas comes over. Then a colourless gas is 
collected. Neglect the first two jars. Collect three more. If 
the action slackens, add 1 or 2 c.c. strong nitric acid. 


PROBLEMS 


1. What became of the copper in the last experiment? Try to obtain 
crystals of copper nitrate. (Cf. p. 69, Experiment 8.) 
2. Try to prepare crystals of the nitrates of (a) zine, (8) iron, (c) lead. 


1 It is now known as Nitric Oxide. 
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Properties of Nitrous Air. 


Nitrous Air is a colourless gas, insoluble in water, and we 
found it did not support the combustion of a taper. Let us try 
this again. 

Expt. 3. Does Nitrous Air not support Ordinary 
Combustion ?—Plunge a lighted splint into a jar of the gas. 
It is extinguished. 


PROBLEM 


Find whether sulphur and phosphorus kindled in a deflagrating spoon 
will burn in nitrous air. 


Observe that red fumes always appear about the mouth of the 
jar when it is exposed to the air, having a characteristic dis- - 
agreeable smell. . 

What is the cause of these red fumes? Is it not probable 
that the red fumes are produced by the Nitrous Air mixing 
with common air? Let us test this. 

Expt. 4. Are the Red Fumes formed by Nitrous Air 
mixing with Common Air ?—Fill a jar one-third full with 
water ; invert it over water so that it is two-thirds full of air. 
Bubble up into it one-third of a jar of the Nitrous Air. Red 
fumes at once appear. Shake. The water gradually rises, and 
at the same time the red fumes disappear. Finally the two 
parts of common air and one part of Nitrous Air yield rather 
less than two parts of gas. 

What has become of the rest? It must have dissolved in 
the water. Push a strip of blue litmus paper up into the water 
in the jar. It is reddened. Then the red fumes have dissolved 
in the water, forming an acid solution. Here is what Priestley 


“wrote of the experiment :—- 


“I hardly know any experiment that is more adapted to 
amaze and*surprise than this, which exhibits a quantity of air 
which as it were devours a quantity of another kind of air half 
as large as itself, and yet is so far from gaining any addition to 
its bulk that it is considerably diminished by it.” 

Have We completely determined the cause of the red fumes? 
No, Common air contains both oxygen and nitrogen, so we 
must find whether the red fumes are due to the action of the 
nitrogen or of the oxygen, or of both, upon the Nitrous Air. 

G 2 
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Expt. 5. Does Nitrous Air form the Red Fumes 
with Nitrogen ?—Obtain some nitrogen as in Experiment 8, 
p. 18. Open the flask under water, and shake. Bubble the 
nitrogen up into a jar (standing over water) containing a little 
Nitrous Air. Vo red fumes result, and the volume of gas is 
increased. 

Expt. 6. Does Nitrous Air form Red Fumes with 
Oxygen ?—Fill two-thirds of a jar with oxygen. Add to it 
one-third of a jar of Nitrous Air, as in Experiment 4. Priestley 
first tried this experiment in 1775. He found that the volume 
was diminished and “the redness was really deeper and the 
diminution something greater than common air would have 
admitted.” 

Add another third of a jar of Nitrous Air. There is a further 
diminution in volume. 


Then, the red fumes produced when Nitrous Air is added to- 


common air, are due to the Nitrous Air forming a red coloured 
gas with the oxygen of the air, which red gas is readily dissolved 
in water, forming an acid solution. 

Nitrous Air may be used as a Test for Oxygen.— 
Since Nitrous Air forms red fumes with oxygen and not with 
any other gas, we are provided with a Zes¢ to see whether a gas 
is oxygen, or has oxygen mixed with it. 

Further, from the amount of contraction when the gases are 
shaken with water, we can form some idea of the amount of 


oxygen present. This test was formerly largely used by — 


chemists after its discovery by Priestley. Cavendish showed, 
however, that it 1s not possible to obtain accurate results 
with simple apparatus, nor without observing many points of 
detail. P 

John Dalton was accustomed to analyse air in this way. 
On giving, in 1802, an account of his experiments, he 
wrote :-—! 

“Tn all parts of the earth and at every season of the year the 
bulk of any given quantity of atmospheric air appears to be 
reduced nearly 21 per cent., by abstracting its oxygen. Air 
brought from the summit of Helvellyn in Cumberland (1,100 
yards above the sea) gave no perceptible difference from the air 
in Manchester.” 

1 See Alembic Reprint, No. 2, pp. 8 and 14. 
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What is the Composition of Nitrous Air ?—Is it a 
compound or an element? We found that vigorously burning 
phosphorus would continue to burn in Nitrous Air (Experiment 
3, Problem). This suggests that Nitrous Air may contain 
oxygen. How can we make sure? Refer back to p. 45, 
Experiment 11. Let us see whether a metal, magnesium, for 
example, can extract oxygen from Nitrous Air. 

Expt. 7. To find whether Nitrous Air contains 
Oxygen.—Place 20 gm. of copper turnings in a bottle, con- 
nected as shown in Fig. 36 with a small flask, c, containing some 


Fic. 36. 


strong sulphuric acid, the tube by which the gas will enter the 
flask dipping just below the surface of the acid. The sulphuric 
acid in ¢ will dry the Nitrous Air, and also indicate how fast the 
gas is being generated. Take a hard glass tube, ad, about 
12 inches in length, and place in it about 100 cm. of magnesium 
ribbon twisted into a loose tangle. Support the tube over a 
Ramsay burner, and connect it with the flask ¢c. Attach to the 
end #a delivery tube dipping into water in a tumbler. Cover 
the copper with water, and add strong nitric acid until Nitrous 
Air is liberated in a steady stream. When it has swept the air 
before it out of the apparatus, light the burner, and presently 
turn the coal gas on full. After a time the magnesium catches 
fire and burns brilliantly. Collect the gas which issues from 
the delivery tube, while the magnesium is burning, in test-tubes. 
When the action is over, examine the contents of the tube ad, 
and also the gas collected. 
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The tube contains a white calx, identical with the oxide of 
magnesium. Undoubtedly, therefore, Wztrous Air contains 
Oxygen. ' 

The gas in the test-tubes no longer reddens on contact with 
the air. Apply alight. It goes out. Is it carbonic acid gas? 
Add lime-water. It remains clear. Then the gas is ~trogen. 

Nitrous Air, therefore,.contains both nitrogen and oxygen. 
But so does atmospheric air. Is it the same as common air? 
No, for it extinguishes a splint, and it forms red fumes with air 
or with oxygen. Then, in what does the difference between 
common air and Nitrous Air consist? This question must be 
left unanswered at present. 

Nitrous Air is now called Nitric Oxide, a name which 
denotes the fact that it is a compound of nitrogen and oxygen. 
Observe that the name would be equally applicable to atmo- 
spheric air, so far as we know at present. 


PROBLEM 


Find the effect of passing Nitrous Air over heated (a) copper, (4) iron. 


THE ACTION OF AQUA REGIA UPON METALS 


Every metal we have tried has dissolved in at least one or 
other of the acids, nitric, sulphuric, or hydrochloric. Can gold 
be dissolved by these acids ? 

Expt. 8. Gold is soluble in Aqua Regia only.—Half 
fill a test-tube with strong hydrochloric acid. Into a second 
test-tube pour one-third of this volume of strong pure nitric 
acid. 

(1) Breathe on a glass rod. Take up half a sheet of gold 
leaf and put it in the nitric acid. Warm gently. Stir. It 
breaks up into little flakes but does not dissolve. 

(2) Repeat with the hydrochloric acid. The gold is again 
not attacked. 

(3) Mix the liquids. The gold dissolves readily. 

This mixture of hydrochloric and nitric acids is called Aqua 
Regia, because it dissolves the royal metal gold 


. i oe 


PROBLEMS 


I. Find what acids will dissolve (a) platinum, (6) silver. 


eS . : coin 
_ 2, Find whether the given 4 metal is gold or tinsel. 
ss gilt leaf 

tre EXERCISES ! 


Preparation of Gases 
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_ properties of the gases formed. You are not expected to identify them 
in every case. Devise suitable apparatus for repeating the experiments. 
ona Je scale. 
i - . Heat a mixture of bleaching-powder, water, and copper oxide. 
2. Heat strong sulphuric acid and powdered charcoal. 
3. Heat strong nitric acid and a strong solution of ferrous sulphate. 
4. Heat a strong solution of caustic soda with some zinc and a few 
_ drops of copper sulphate solution. 
5. Heat zinc and dilute nitric acid— 


(a) 40 c.c. acid + 160 c.c. water, 
eS (6) 20 c.c. acid + 180 c.c. water. 


6. Heat solutions of ammonium chloride and caustic soda. 
7. Heat solid ammonium chloride and strong sulphuric acid. 
8. Heat ammonium nitrate crystals. 
a 9. Heat lead nitrate crystals. 
a 10. Heat oxalic acid crystals and strong sulphuric acid. 
) 11. Add strong sulphuric acid to sodium formate crystals. 
12. Find out what is produced by the combustion of the gas obtained 
- in No. 11. Do you obtain any evidence of the composition of the 
gas? 
13. Add a saturated solution of sal-ammoniac to a stick of potassium 
nitrite, about 3 inches long, and then heat. 
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@ 1 To Teachers.—These riders are important. They give an opportunity for the 
exercise of skilful manipulation, of accurate observation, and of sound judgment, 


Try the following experiments, at first in test-tubes. Examine the | 


CHAPTER IX 
THE DISCOVERY OF THE COMPOSITION OF WATER 


(A) THE SYNTHESIS OF WATER 


WHEN Inflammable Air is mixed with common air and fired, 
it explodes, or as Cavendish put it, it goes off “ with a bounce.” 
What will happen if it is mixed with oxygen instead of common 
air? 

ExpT. 1. To find whether Inflammable Air explodes 
much more violently with Oxygen than with Common 
Air.—Fill a sound soda-water bottle with water ; invert it in 
water. Bubble Inflammable Air up into it, until two-thirds of 
the water is displaced. Fill it up with oxygen. Close the neck 
with a cork. Wrapacloth round the bottle. Remove the cork 
and quickly hold the neck to a flame. 

This experiment was first tried by Priestley about 1774, and 
he remarked, “The effect far exceeded my expectations, and it 
has never failed to surprise every person before whom I have 
made the experiment. The report will be almost as loud as 
that of a small pistol ; being, to judge by the ear, not less than 
40 or 50 times as loud as with common air.” 

Can you suggest any reason for the explosion being so much 
more violent in the one case than the other? The explosion is 
so rapid that we can hardly say what has occurred. Let us try 
to burn Inflammable Air s/ow/y in a closed vessel containing ~ 
common air or oxygen. 

Expt, 2. To find whether a Contraction of Volume 
occurs when Inflammable Air is burnt in Common 
Air or in Oxygen.—Select a wide-necked flask @ of about 
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500 ¢.c. capacity (Fig. 37). Fill a large deep trough or bucket 
with warm water. Place some zinc in a small (2 oz.) flask 4 and 
add dilute sulphuric acid, so that Inflammable Air is rapidly 
evolved. Close it with a cork provided with a short upright 
delivery tube c, the end of which has been slightly narrowed by 
holding it in a Bunsen flame. 
Light the Inflammable Air at the 
opening of the tube, observing the 
necessary precautions (see p. 69). 
Hold the small flask 4 in the water, 
with the flame just above the sur- 
face, and invert the larger flask a 
over the flame, so that its mouth 
is under the water. Then, releas- 
ing the flask 4, the upward pressure 
of the water will cause it to take 
the position shown. 

: The Inflammable Air continues 
to burn, but the flame soon be- 
comes fainter and smaller. As soon 
as it is seen to be extinguished 
quickly remove the flask 4 by 
lowering it in the water. Observe 
that the water has risen in the 
_ flask a. Then, some of the air 
has disappeared. Gently shake the 
flask ato throw the water against the top, in order that the flask 
and the residual air may acquire the temperature of the water. 
Close the mouth of the flask a by a cork under water. Remove 
the flask @ and pour its contents into a measuring cylinder. 
Find also the total capacity of the flask a. 

To quote an actual experiment :— 
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Volume of water which entered the flask ... ... 105 c.¢. 
Total volume of the flask Pape shay. k0V A as) GOO CEs 
Hence, 


Contraetion in the volume of the air in the flask = 21'4 per cent. 


You also have probably found a contraction of the air. How 
much ? 
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PROBLEM 


Repeat the experiment with the difference that a longer delivery tube 
is used, and the flask is filled with oxygen in place of air. Find what 
volume of the oxygen is lost. | 


These experiments were made by Scheele (about 1773). He 
found that on using common air, the 7/¢Z part of it was lost. In — 
the case of oxygen, nearly the whole was lost. | 

In each case the oxygen present seems to disappear. What 
has become of it? Unless our Theory of Conibustion and that 
of the Conservation of Mass is at fault, the oxygen cannot have 
been destroyed. Has some unseen vapour dissolved in the 
water ? Suppose we observe the burning of the gas in a clean 
dry test-tube. 

Expt. 3. To find whether a vapour is formed when 
Inflammable Air is burnt.—Take a clean dry test-tube. 
Introduce a little Inflammable Air into it by upward displace- 
ment. Hold its mouth to a flame. It explodes. Carefully 
examine the sides of the tube. 

Priestley did this, and found that “the inside of the glass 
though clean and dry before, immediately became dewy.” 

Where has the dew come from? Is it merely the moisture 
which we know is present in common air?! If so, we still have 
not accounted for the Inflammable Air and oxygen which 
disappeared in Experiment 2. It is evidently important to see 
whether there is after all any Joss of weight. This task the 
Hon. Henry Cavendish set himself, when he heard of Priestley’s 
experiment. 

Cavendish’s Experiment to find whether there is a 
Loss of Weight on firing a Mixture of Common and 
Inflammable Air.?—We cannot readily repeat Cavendish’s 
experiment. He used a strong glass globe. He filled it several 
times with different proportions of common and Inflammable 
Air. The mixture was fired by electricity. He found zo /oss 
of weight. In all the experiments the inside of the glass globe 
became dewy. He also succeeded in measuring the diminution 
in volume produced by the explosion. 

| This is the conclusion Priestley and Warltire came to in 1781. See Faperiments 


on Air, by the Hon. Henry Cavendish, Alembic Club Reprint, No. 3, p. 12. 
2 Loc. cit. 


ae ae ae tee 


; 
i 


1x DISCOVERY OF THE COMPOSITION OF WATER 91 


Cavendish concluded that “when inflammable and common 
air are exploded in a proper proportion, almost all the inflam- 
mable air and near ome-fifth (see Experiment 2) of the common 
air, lose their elasticity and are condensed into dew.” 

What is the nature of this dew? Howcan we obtain a larger 
amount of it? Perhaps by burning the gas under a cold 
surface. 

Expt. 4.1 To collect the Dew formed on burning a 
Mixture of Common and Inflammable Air.—Fit the 
tubulure of a retort @ with a cork, through which is passed a 
piece of glass tubing 4, as shown in Fig. 38. Fix the retort in 


a 


Fic. 38. 


a clamp, and connect the tube 4 with a water tape. On turning 
the tap, water flows into the retort, fills it, and drips out from 
the neck. Place the retort so that the water drips into a sink. 
We are going to burn Inflammable Air. But we must be sure 
that it is free from moisture. This can be secured by passing it 
over the substance known as chloride of calcium, which readily 
takes up moisture. Hence, pack a glass tube e with some 
lumps of chloride of calcium, and supporting it on a ring of a 
retort-stand or by other means, connect it with a bottle / in 
which Inflammable Air is prepared. Attach to the other end of 
the tube a glass tube g bent as shown in the figure, so that the 


1 This form of the experiment is due to Mr. C. M. Stuart; see Maz. liii. 347. 
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end Z is a little to one side of the bottom of the retort. The end 
h of the tube must be narrowed. | 

As soon as all atmospheric air has been swept out, light the 
Inflammable Air at Z The flame impinges against the cold 
surface of the retort, and a dew is seen to be formed. Place a 
small beaker immediately below the retort. Presently a drop 
of the dew collects and falls into the beaker. 

We must obtain sufficient of the dew to enable us to examine 
its nature. Enough will be obtained in half an hour. 

Expt. 5. To find whether the Dew is Water.—The 
chemist has tests by which he can recognise very many sub- 
stances. But water, one of the most common, is not one of the 
easiest to test for. 

Examine the liquid as regards :-— 

(a) Smell. 

_ (6) Taste. 

(c) Powder some crystals of blue copper sulphate. Heat 
them gently in a porcelain crucible until they become quite 
white. Break the white lumps down with a glass rod. Allow 
them to get quite cold Add.a drop of the liquid to a portion. 
The copper sulphate turns blue again. 

(2) Botling-Point :—Tie a small wisp of cotton wool by 
thread round the bulb of a thermometer. Moisten the wool 
with the liquid. Introduce the bulb into a dry test-tube, and 
hold the tube nearly level a couple of inches above a small 
flame. Watch the rise of the mercury. It is arrested at 100° C. 
and then continues to rise. 

(e) Freezing-Point -—Again moisten a wisp of cotton wool 
round the bulb of a thermometer with the liquid and introduce 
it into a dry test-tube, but plunge the tube into a freezing- 
mixture, and watch the fall of the mercury. It is arrested at 
oC. and may then sink further ; if so, the melting-point may 
also be observed. 

What do you conclude from your observations? The liquid 
has the properties of water. Hence, it may be concluded that 
it zs Water.! 

Recall Experiment 2. It seems that water must be a 
compound of Inflammable Air and oxygen. 


1 Cavendish proved that under certain conditions a little nitric acid is also formed 
and can be found in the dew. 
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In order to make still more sure of this conclusion, Cavendish 
exploded together large quantities of Inflammable Air and 
oxygen, and found the dew deposited to be water. 


(B) THE ANALYSIS OF WATER 


We have seen how Cavendish proved in 1782 by syuthests 
that water is a compound of Inflammable Air and oxygen. In 
the following year Lavoisier made this conclusion certain by 
effecting the analysis of water. 

The problem to be solved may be stated thus. Given that 
water is a compound of oxygen and Inflammable Air, how can 
these be separated from water? Now we know of several 
substances which combine with the oxygen of the air when - 


R 
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FIG. 39. 


heated, for instance, iron, magnesium, and others. Is it not 
possible that one of these may combine with the oxygen which 
we are now assuming to be in water, just as in a former ex- 
periment we succeeded in removing oxygen from nitric oxide 
(Nitrous Air) by passing it over heated metals? If so, Inflam- 
mable Air may be set free. Of course at the ordinary temper- 
ature most metals have little or no action on water ; but suppose 
we try passing water vapour over red-hot iron. 

Expr. 6.! To find whether Water is decomposed by 
Red-hot Iron.—Pack an iron gas pipe 2 feet in length with 
clean iron or steel tacks. Place it in the bed of a furnace 
(Fig. 39). Light the furnace, so that the tube is heated to a 


1 Lecture Experiment.—The nails may be cleaned from grease by heating them 
in the furnace whilst a current of coal gas is passed over them. 


SPN Ha? + eahaed 


94 INTRODUCTION TO STUDY OF CHEMISTRY cuap. 


bright red heat. Attach a delivery tube to the end @ of the iron 
tube, and have a pneumatic trough and gas jar at hand. Place 
some water ina 16 oz. flask c. Fit it with a cork, through which 
are passed a straight glass tube dipping below the surface of the 
water and a bent glass tube, so that it can be connected with the 
end a of the tube in the furnace. Boil the water in the flask. 
Then connect the flask with the iron tube, so that the steam is 
passed over the red-hot iron. Place an inverted gas jar d full 
of water over the end of the delivery tube. A gas bubbles up 
and is collected in the jar. Neglect the first jar which is filled. 
Fill others. Test the gas with a lighted splint. Can it be 
poured upward? Inflammable Air has been set free, as we 
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hoped. Allow the iron tube to cool, and extract some of the 
iron nails. Examine them. 

It is of interest to note the way in which Lavoisier himself 
carried out this experiment. 

Lavoisier’s Experiment to show the Decomposition 
of Water by Iron.—A gun barrel E F was filled with iron 
filings, and placed in a furnace (Fig. 40). To the end E was 
luted a glass retort A containing a known weight of pure water. 
The end F was connected with a worm surrounded by cold 
water. The other end of the worm passed into a bottle H. A 
delivery tube was led from the flask H to a pneumatic trough. 
The tube EF was heated red hot. On lighting a fire under A, 
the water boiled and the steam passed down the gun barrel. 
The retort was heated until the water had entirely evaporated. 
Some of the steam passing through the furnace unchanged 
was condensed to water in the worm, and collected in H. The 
rest was decomposed by the iron, with the result that a gas was 
set free. This was collected at the trough, and proved to be 
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_ Inflammable Air. At the end of the experiment Lavoisier ex- 
sl amined the iron in the tube. It had gazued in weight ; it was 
_ “in the state of the back oxide, precisely like that which had 
_ been burnt in oxygen.” Moreover, Lavoisier observed the 
quantities obtained ; thus, to quote an experiment, 


_ Weight of water decomposed = weight of water taken in A /ess weight 
of water collected in H = 100 grains. 

Weight of Inflammable Air produced = 15 grains. 

Increase in weight of the iron = 85 grains. 


¥ This was the First Analysis of Water ever made.—Observe 
_ the conclusion to which Lavoisier came. “ One hundred grains 
of water have been decomposed ; 85 of oxygen have combined 
with iron, converting it into the black oxide, and 15 grains of — 
Inflammable Air have been liberated ; therefore, water is com- 
posed of oxygen and Inflammable Air in the proportion of 85 
parts to 15.” 


PROBLEM 
Find whether steam can be decomposed by (a) magnesium, (4) zinc, 
_ (c) copper, with liberation of Inflammable Air, employing the apparatus 
4 _ shown in Fig. 41 :— 
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q ais a flask in which water is boiled. Through the cork is passed a 
straight piece of glass tubing dipping below the surface of the water and 
a tube bent at right angles. cd is a tube of hard glass on which a 
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bulb é¢ has been blown,! fixed in a slightly inclined position, and at the 
end d fitted with a delivery tube (not shown). The cork at é is con- 
nected with the flask @ by a piece of glass tubing, one end of which is 
bent back on itself as shown. Place the metal in ¢. Pass steam through 
the apparatus, warming cd gently, so that the steam may not condense 
in it, and then heat the bulb e. 

Find in each case (1) whether Inflammable Air can be collected from 
@ over water in a test-tube; (2) whether the metal is oxidised. 


A new Name for Inflammable Air.—Lavoisier, after » 
making this analysis, at once proposed a new name for In- 
flammable Air. He said: “ No name has appeared to us more 
suitable than that of hydrogen, that is to say, ‘generative 
principle of water’; from Audor, water, and geimomai, | 
produce.” This term was universally adopted, and from this 
point it will be used in this book. 


It is to be noticed that in Lavoisier’s analysis of water only 
one constituent was obtained free. Carlyle and Nicholson in 
1800 first showed that water could be decomposed by the 
electric current, do// constituents being liberated. 


Expt. 7.2 To show the Decomposition of Water by 
Hlectricity.—Take a bottle with a wide mouth, and cut off the 
lower half horizontally, as follows :—Make a scratch on the 
bottle with a file. Take a pointed piece of glass rod, heat the 
end red hot, and touch the scratch with it. The glass cracks, 
and the crack can then be led right round the bottle by means 
of the hot glass rod, if this is reheated from time to time.® 
Choose a 2-holed rubber cork to fit the mouth, two short jets of 
glass (wash-bottle tips) to fit the holes in the cork, two platinum 
wires each 6 in. long, and two pieces of sheet platinum each 2 in. 
by in. Put the wires through the glass tubes and seal them 
in by melting the glass. Fit the glass tubes through the cork. 
Along the middle line of each platinum sheet prick six holes. 
Thread the platinum wires in and out through the sheets. 
Stand the bowl in a tripod-stand and fill it with water (Fig. 42). 

Connect the projecting platinum wires by screw clamps to the 


1 Suitable tubes are sold as reduction tubes. 

2 Lecture Table Experiment. 

3 — sull, buy ready made a 6 in. glass “‘ dialyser,” a kind of basin with a bottle 
mouth. 
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_ copper wires from a 4-celled Grove’s battery ! or three secondary 
_ cells. Nothing is noticed. Adda few drops of dilute sulphuric 
- acid to the water. There is a rapid effervescence from the 
_ surface of the platinum sheets. But this soon slackens. Smal! 
_ bubbles have covered the platinum, preventing contact with the 
_ water and hindering further action, This could have been 
avoided by dotting the platinum sheets all over with tiny holes 


_ pricked by a sharp needle. From the roughened surfaces the 
_ bubbles then detach themselves easily, 

__ From what we now know of the composition of water it seems 
possible that the bubbles may be oxygen or hydrogen. Fill a 
_ test-tube with water, invert it over both the platinum sheets, 
| and collect the gas. When half full close the end with the 
E 


thumb, remove the tube, and apply a light. A sharp explosion 


rings out. The gas is, therefore, probably a mixture of oxygen 
_ and hydrogen. 


___ Is the same explosive gas given off from each platinum sheet ? 
_ Fill two test-tubes with water and invert one over each sheet. 
_ Again the current of gas slackens. But raise the tubes so that 


1 See Appendix for Management of Grove’s Battery. # 
VOL. II H 


oi 
: 
q 
vet 
wer 


98 INTRODUCTION TO STUDY OF CHEMISTRY Cu. Ix 


See ee 


the platinum sheets are no longer shielded from each other. 
The bubbles come freely as before, and collect in the tubes. 
Gas collects much faster in one tube—about twice as fast as in 
the other. Find with which metal in the battery this is connect- 
ed. Test the gas in each tube with a burning splinter of wood. 
The gas which collects slowly quickens the burning of the wood. 
It is oxygen. The other gas burns with the pale blue flame of 
hydrogen. 

This experiment seems to afford additional evidence that 
water consists of oxygen and hydrogen, though the student may 
regard the small amount of sulphuric acid added to the water 
with suspicion until its part in the change has been clearly 
proved. In order to complete this experiment it is also clearly 
desirable to show that nothing else but hydrogen and oxygen 
results from the decomposition of water by electricity. This 
was shown after long inquiry to be the case by Sir Humphry 
Davy. 

Water, therefore, is a compound of oxygen with hydrogen, 
and may be regarded as an oxide of hydrogen. 


PROBLEMS 


1. Find whether dry carbonic acid gas is decomposed by red-hot 
iron; pass any gas which issues from the tube through a strong solution 
of caustic soda (to remove undecomposed carbonic acid), and collect 
over water. Examine carefully any gas collected. 

2, Find whether dry carbonic acid gas can be decomposed by passing 
it through a red-hot glass tube containing pieces of charcoal ; wash and 
collect as in No. I. 

3. Find whether steam is decomposed by passing it through a red-hot 
tube containing pieces of charcoal. Take care not to breathe any gas 
which issues from the tube. 


CHAPTER X 
THE COMPOSITION OF WATER BY VOLUME AND BY WEIGHT 


WE have already established beyond doubt the fact that 
water is a compound of hydrogen and oxygen, and of nothing 
else. Moreover, we already have some evidence as to the 
relative volumes and the relative weights of hydrogen and 
oxygen which combine together when water is formed, or are 
liberated when water is decomposed. This question of the 
quantitative composition of water may now be considered more 
fully. 


A. THE COMPOSITION OF WATER 
BY VOLUME 


There are two distinct lines of inquiry to be followed, just as 
when we were investigating the composition of air, and that of 
carbonic acid gas. 

1. ANALYSIS.—We have already learnt that when water is 
decomposed by the electric current, two volumes of hydrogen 
are liberated for every one volume of oxygen. So far then as 
the analysis of water can afford evidence, the answer is definite 
that water consists of two volumes of hydrogen combined with 
one volume of oxygen. 

2. SYNTHESIS.—/Priestley found that when hydrogen was 
exploded with oxygen in a bottle, the loudest explosion was 
obtained when about two-thirds of the bottle was filled with 
hydrogen and the rest with oxygen. 

Cavendish showed in 1781 that tooo volumes of air always 
contain nearly 210 volumes of oxygen. He abstracted the 
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oxygen with nitric oxide, just as Dalton had done. He arrived 
at the conclusion that common air contains 20°83 per cent. of 
oxygen by volume. In the same year he went on to explode 
common air with different proportions of hydrogen (see p. QI). 
He found that it was necessary to add 423 volumes of hydrogen 
to 1000 volumes of common air in order to burn the whole of 
the oxygen in the air. Almost all the hydrogen, too, was 
consumed. His experiment, then, proved that the water formed 
consisted of 


ee volumes of oxygen. 
420 volumes of hydrogen. 


In othet words, one volume of oxygen and two volumes of 
hydrogen united together forming water. Although the ex- 
periments of Cavendish justified this 
conclusion, he did not state it in this 
form. 

Further experiments carried out by 
the French chemist Gay Lussac and 
by Von Humboldt were necessary to 
lead chemists to regard the composi- 
tion of water by volume established. 

*ExpT. 1.1 To find the Volume 
of Hydrogen combined with 
One Volume of Oxygen in 
forming Water. 

(1) Obtain a U-shaped “ eudiometer” 
; This is a U-shaped tube, one limb 
i“ 7 of which is closed bya glass tap @ 
FIG. 43- (Fig. 43). Two platinum wires are 

fused into the glass near the top of the 
limb dc, and the limb may be graduated or plain. A tap eé is 
fixed to the tube near the botton. ef the other limb. Close the 
tap e and open the tap a. Pour mercury cautiously down the 
limb de. When the mercury has risen to a and expelled all the 
air, close the tap a. Open the tap ¢ and run out the mercury 
slowly. The level of the mercury remains unchanged in the 
limb ac, but it sinks gradually in the limb de. As soon as the 
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level of the mercury has almost sunk to 'the tap e¢, close the 
tap e. The eudiometer is then ready for use. 

(2) To prepare the oxygen.—Heat some powdered potassium 
chlorate in a small glass retort, and after allowing the oxygen 
evolved at first to escape, collect the rest in a small gas-holder 
over water ready for use. The “oxygen” supplied for use with 
magic lanterns is not pure enough. 

(3) To introduce the hydrogen.—The hydrogen must be 
prepared in the usual way from zinc and sulphuric acid, taking 
great care to avoid any admixture of air. For this purpose 
Kipp’s apparatus+ is particularly suitable. After all air has 
been expelled from the apparatus and the leading tube, con- 
nect this tube with the tap a of the eudiometer, and at once 
open that tap. Hydrogen passes in, and the mercury sinks 
down ae¢ and rises up ed. As soon as the level of the mercury 
is nearly the same in both arms, close the tap, and at once 
disconnect the supply of hydrogen. Make the level of the 
mercury the same in both limbs, either by adding mercury to 
the limb de, or by running some out of the tap ¢, according as it 
is necessary. Read the volume occupied by the hydrogem In 
an experiment it was found to be 54 c.c. 

(4) Zo introduce the oxygen.—Run some mercury out of the 
tap 2, so that it stands at a lower level in the open limb than in 
the other. Attach a rubber tube to the gas-holder, run out a 
little oxygen, and then connect with a. Open a, and introduce 


about to c.c. of oxygen, and then close a. Re-level the mercury 


in both limbs, and read the volume of gas enclosed. In the 
same experiment the total volume was found to be 66 c.c. 
Then, 12 c.c. oxygen had been added. 

(5) To fire the mixed gases.—Effect this by connecting the 
wires at 4 with a Ruhmkorff coil and a bichromate cell.! The 
mercury at once rises part way up ac. Pour some mercury 
down de so as to make its level the same again in both limbs. 
Read the volume occupied by the gas. In the experiment 
quoted it was 29°5 c.c. Then, the contraction was 66 — 29'5 or 
36°5 c.c. Why did a contraction take place? Because the 
steam formed by the union of the oxygen with some of the 
hydrogen was condensed, and occupied a negligible volume. 

(6) Zo show that the gas left ts hydrogen.—Pour some 


1 See Appendix. 
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mercury into @. Open the tap a, and apply a flame to the 
issuing stream of gas. It burns with a pale flame. Then it is 
hydrogen, and there was more than sufficient hydrogen to unite 
with all the oxygen. 

(7) Conclusion. Hence, in the experiment above referred to, 
the volume of hydrogen combined in the water formed was 

36°5 — 12 or 24°5 c.c. 

Now this was almost exactly twice the volume of the oxygen 
with which the hydrogen combined. 

Therefore, this experiment leads to the conclusion that two 
volumes of hydrogen and 
one volume of oxygen, 


are combined in forming 
water.! 


In 1808 Gay Lussac carried 
the investigation a stage further, 
and measured the volume of 
steam formed on the combina- 
tion of hydrogen and oxygen. 

*ExpPT. 2.2 To find the 
Volume of steam formed 
when Two Volumes Hy- 
drogen combine with One 
Volume Oxygen.— Since it is 
desired to measure the volume of 
steam produced on exploding a 
mixture of two volumes hydrogen 
and one volume oxygen, it is 
essential to prevent the condensation of the steam. This is 
secured by surrounding the limb @ of a eudiometer tube con- 
taining the mixed gases with a wider tube 4, through which the 
hot vapour of boiling amyl alcohol can be passed (Fig. 44). 
The alcohol, which boils at 132° C., is heated in the flask ¢. 
The vapour after passing through the jacket is led away by 
the tube @. 

The mixture of two volumes hydrogen and one volume oxygen 


1 Morley has recently (1895) determined the ratio of the volume of hydrogen and 
oxygen to be 2‘00269 : 1. 
2 Lecture Table Experiment, 
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are introduced into the eudiometer tube a2. When the tempera- 
ture of the jacket is constant at 132°, bring the mercury to the 
same height in both limbs. Read off exactly the volume of the 
mixed gases. Next reduce the pressure’ on the gases by 
lowering the reservoir of mercury 7. Now fire the mixture by 
an electric spark. Raise the reservoir again until the level of 
the mercury is the same in the two tubes. Read the volume. 
It is almost exactly two-thirds of that of the mixture of hydrogen 
and oxygen. 

Hence, when 2 volumes hydrogen and 1 volume 
oxygen combine, 2 volumes of steam or gaseous 
water are formed. 


B. THE COMPOSITION OF WATER 
BY WHIGHT 


(1) ANALYSIS.—Lavoisier was the first to carry out an 
analysis of water, by passing a known amount of water in the 
form of steam over red-hot iron and determining the amount of 
hydrogen set free (see page 94). Accurate results, however, 
could not be obtained by such a method. 

(2) SYNTHESIS.— Water is produced when hydrogen is burnt 
or exploded with air. Then, if the water formed were weighed, 
and also either the oxygen or hydrogen which combined 
together, we should be able to arrive at its composition by 
weight. But it would be difficult to weigh either the oxygen or 
the hydrogen accurately. 

Can water be synthesised in any other way? Is it possible 
that hydrogen can obtain the necessary oxygen from any other 
source than the air or oxygen gas itself? Can hydrogen obtain 
the oxygen from any oxide? Let us pass hydrogen over an 
oxide in a glass tube and try aiding the action by heat. 

Expt. 3. To find whether Water is formed by the 
action of Hydrogen on Oxide of Copper.—Dry some 
copper oxide by heating it gently in a basin, and arrange it ina 
thin layer in a porcelain boat within a hard glass tube. Place 
over a Ramsay burner and pass in dry hydrogen (see Fig. 36). 
Is there any action while cold? No. After sweeping out the 
air with the hydrogen, light the burner. Notice that a dew is 
very soon deposited on the cooler portion of the tube near 4, 
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and that the surface of the oxide has become red in colour. 
Seemingly the copper has in part lost its oxygen and the dew 
is water formed by this oxygen uniting with some of the 
hydrogen gas. Tést the dew and the red contents of the boat. 

We shall now be able to find the composition’ by weight of 
water, if we can weigh the whole of the water formed in the 
above experiment, and also the loss of oxygen from the copper 
oxide. 

Expt. 4. To find the Composition of Water by 
Weight.—Take a U-tube ad, of the form shown in Fig. 45, 
with two side tubes, on one of which a bulb a is blown. ' Nearly 
fill it with small lumps of dry calcium chloride. Close the two 


SNL 
MU 


Fic. 45. 


mouths with tightly fitting rubber stoppers, or better still, seal 
them in the blowpipe flame. Put a cap of rubber tubing closed 
by a small glass rod over the end of each side tube. 

Dry some copper oxide (granular or in wire) by heating it 
strongly in a porcelain basin, Obtain a tube cd of hard glass 
on which a bulb ¢ has been blown, and drawn out at one end. 
Plug one end of the bulb loosely with a little dry asbestos. Fill 
the bulb with some of the copper oxide while still warm. Intro- 
duce another plug of asbestos. Close each end of the tube 
with stoppers or caps. Take a hydrogen Kipp — 


1 These are sold as reduction tube* 
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Connect it with a flask f containing some pure strong sulphuric 
acid, so that the hydrogen can be bubbled through and dried by 
the acid. 

Weigh the tube cd (unstoppered) accurately. Connect it by a 
rubber stopper with the flask, and support it as drawn. Cause 
a slow current of hydrogen to pass through; it should be 
possible to count the bubbles as the gas passes through the 
acid inf. Weigh the U-tube (unstoppered) accurately. Fix it 
to the end d of the tube by a small piece of rubber tubing ; the 
two glass tubes should be brought close together. Now heat 
the bulb e with a Bunsen burner, at first gently and then more 
strongly. The water which is formed is carried forward, and is 
for the most part condensed in the little bulb a on the U-tube. 
If any dew is found condensed in the hard glass tube between 
e and @, the tube must be gently warmed. When 1 to 2 grams 
water appear to have collected in the bulb a, gradually cease 
heating ¢. Allow the bulb to coul in the current of hydrogen 
during half an hour. Detach the Kipp and flask. Suck air 
through the tube cd and the U-tube for a few seconds. Why is 
this necessary? Weigh the U-tube, and also the tube cd 
accurately. Here is the result of an experiment :— 


Gain in weight of U-tube, z.¢. weight of water formed = I'IQI gm. 
Loss in weight of copper oxide, z.e. weight of oxygen lost = 1°067 gm. 
Difference, or weight of hydrogen in water = °124 gm. 
Hence, weight of oxygen _ _ 1/067 
weight of hydrogen 124 
_ 86. 
aa 


The experiment should be repeated several times. Do you 
obtain a similar result? The above result agrees fairly well with 
that which is always established by accurate experiments, viz. 
that water consists of 8 parts by weight of oxygen 
for every 1 part by weight of hydrogen. 


Reduction.—Heated copper oxide, over which hydrogen is 
passed, loses oxygen and metallic copper results. The copper 
oxide is said to be reduced. Reduction, then, is the reverse of 
oxidation, and consists in the removal of oxygen from a sub- 
stance which contains it. Note that at the same time that the 


106 INTRODUCTION TO STUDY OF CHEMISTRY cu. x 


copper oxide is reduced the hydrogen passing over it is 
oxidised. 

Ina former experiment, see p. 93, steam was passed over 
red-hot iron, with the result that hydrogen was liberated, and 
oxide of iron formed. In that case the vapour of water was 
reduced, while the metal was oxidised. . 

In both of these cases the two processes of oxidation and 
reduction took place simultaneously. 


PROBLEMS 


I. Find whether (a) water is produced, (4) the oxide is reduced to 
metal, by the action of hydrogen upon dry oxide of iron, red-lead, 
litharge, oxide of tin, manganese dioxide, oxide of magnesium, quick- 
lime, zinc oxide, bismuth oxide, cobalt oxide, antimony oxide. 

2. Find the effect of passing a stream of coal-gas over hot copper 
oxide, red-lead, and oxide of iron. 

3. Find by reduction the weight of oxygen combined with 1 gram of 
copper in the black oxide of copper. 


CHAPTER XI! 


THE PROPERTIES OF GASES.—THE DENSITIES OF GASES 


Solids, Liquids, and Gases 


are readily vaporised, and ether still more so. But the vapours 


or converted into liquids or solids again. We know, however, 
_ that there are other substances which are gases at the ordinary 


: only one known. Following the lines of discovery successfully 


4 pursued by Priestley, Scheele, Lavoisier, Black and others, we 
now know of oxygen, nitrogen, hydrogen, carbonic acid gas, 


liquefied again by cold, it seems possible, at any rate, that some 
ture. We cannot, however, stop to investigate this now. 


what are the essential differences between solids, liquids, and 
gases? 


4 Solids.—Ricip SoLips.—Take a piece of steel. It is called 
.. a solid body. It has a particular shape of its own. Now try to 


may if desired be postponed. 


Many liquids and solids, as we well know, change into gases 
_ or vapours when they are sufficiently heated. Water and iodine. 


produced are not permanent, and when cooled are condensed 


temperature. Two hundred years ago, atmospheric air was the 


nitric oxide and oxide of sulphur, besides common air. Whether 
these gases will remain gases at all temperatures is so far as we 
can say at the present point in our enquiry an open question. 
Since the vapours which can be obtained from liquids are 
of these gases might be changed into liquids at a low tempera- 


We are acquainted, then, with three states of matter. But 


1 To Teachers.—Chapters XI., XII, and XIII., on ‘‘ The Properties of Gases,” 
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change its shape by pressing on it with a pair of pincers ; it is 
not changed in shape perceptibly. And so, in general, a body 
which is not easily changed in shape when subjected to pressure 
in a given direction, or to a pull, or to a twist, or to any com- 
bination of pressure, pull, and twist (called in general a s¢vess), 
is said to be a rigid solid. SEP. 

If we subject steel to a very great stress in a given direction — 
we find by careful measurement that a change of shape does 
take place, though the change is small. For instance, a piece . 
of steel pianoforte wire can be extended sis Of its length by a pull 


of 106 kilograms weight. Moreover, we find that a given stress | 


will always produce a definite change in shape (called in general 
a strain), This last property belongs not only to rigid solids 
like steel, but to all solids. It is the characteristic property of 
solids. 

SOFT SOLIDS.—If we take the pincers and exert upon a piece 
of india-rubber a pressure exactly similar to that which we 
exerted on the piece of steel, we find that a much greater change 


of shape is produced. The difference between hard and soft * 


solids lies, therefore, in the ease with which a change of shape 
may be produced. But with both hard and soft solids a limited 
pressure produces a limited change of shape. ; 

ELASTICITY OF SOLIDS WITH REGARD TO CHANGE OF 
SHAPE.—If a solid body after being subjected to a stress is 
relieved from the stress, it may recover either completely or 
partially its original shape. If it is capable of recovering its 
shape completely under certain conditions, it is said to be er- 
Jectly elastic with regard to change of shape under those condi- 
tions. For instance, if a weight of 106 kilograms be attached 
to a suspended steel pianoforte wire its length will be increased 
by, si of the whole ; but as soon as the load is removed the wire 
will recover its original length. The steel is perfectly elastic 
under these conditions. 

A solid body which does not recover its shape after subjection 
to a stress is said to be A/astic. Soap, for instatice, is plastic. 
Soft solid bodies are more often plastic than elastic. India- 
rubber, however, is both soft and elastic. 

ELASTICITY OF SOLIDS WITH REGARD TO CHANGE OF 
VOLUME.—Suppose we subject a solid body, such as a piece of 
steel or india-rubber, to a uniform squeeze ; that is to Say, suppose 


i 
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_ we exert equal pressures at the same time on all its surfaces ; we 
shall tend to diminish its volume. In the case of steel a small 
pressure produces no perceptible diminution in volume, and even 
the largest pressures we can exert produce so small a diminution 
“in voiume that we find it hard to measure it. Such bodies are 
said to be difficultly compressible, or by an excusable exaggera- 
tion zacompressibiec. India-rubber, on the other hand, is quite 
‘easily compressible. Most solids, whether rigid like steel, or 
_ soft like india-rubber, recover their original volume, nearly or 
entirely, after compression (provided this has not exceeded a 
certain limit.) They are then said to have elasticity of volume. 
_ A body which recovers completely its criginal volume after com- 
_ pression under certain conditions is said to be perfectly elastic 
_ with regard to change of volume under those conditions. 


_ ‘Liquids.—If we melt a piece of ice in a glass beaker we 
obtain a certain amount of water, which we call a /¢guéd. When 
water is at rest it is usually, as in the present case, partly in 
contact with a solid body, and the part in contact with the solid 
body takes the shape of that body. The portion not in contact 
' with a solid body (or with another liquid) is called its free 
4 surface. ‘When at rest on the earth the greater portion of this 
free surface is horizontal or perpendicular to the direction of a 
_ plumb line. 

:. We see at once that a liquid differs considerably in properties 
' froma solid. It has under ordinary circumstances no rigidity 
 atall. It yields indefinitely before the slightest pressure exerted 
{ in a single given direction. If we try to squeeze a portion between 
5 our pincers it simply fows round them.’ There can, therefore, 
_ be no question of elasticity with regard to change of shape. 

; Liquids are almost without exception difficultly compressible, 
or “incompressible.” For example, water is compressed only 


_|_ of its volume under the enormous pressure of 2000 atmo- 
I 


: spheres. They have, moreover, perfect or almost perfect elasticity 
of volume. 


Gases.—Any one of the gases we know, oxygen for instance, 


1 Mobile liquids, like water, yield not only indefinitely but almost instantaneously 
to the slightest pressures. ///scous liquids like treacle yield indefinitely but slowly. 
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3 
differs from a solid or a liquid in that it cannot be contained — 
in an open vessel. If we put oxygen into a closed vessel, we 
find that, however big the vessel, it quickly fills it entirely and 
exerts a pressure on every part of the vessel. And if we were 
to make a hole anywhere in the vessel the oxygen would 
escape. 

Like liquids, gases have vo rigidity. 

Unlike solids and liquids, all gases are easily compressible. 
Expt. 1. To show that a Gas can change its Volume. 
—Partly fill a bladder, or an india-rubber balloon with air or’ 
some other gas. Tie it up. Place it under the 
receiver of an air-pump, and exhaust the air 
(Fig. 46). The balloon swells visibly. Admit 
the air again. It shrinks to its former size. 
Gases are much more compressible than solids 
or liquids, and recover their original volumes 
completely after compression. But we _ shall 
study the compressibility of gases more closely 

presently. 

Another difference to be noted between gases 
on the one hand, and solids and liquids on the other, is that 
gases are as a rule much /ess dense or lighter, bulk for bulk, 
than liquids and solids. We shall now proceed to consider the 
densities of gases more fully. 


THE DENSITIES OF GASES 


Now that we are acquainted with several gases, which are 
permanent under ordinary conditions, it will be well to study 
them more closely, so as to attain a better knowledge of the 
gaseous State. 

We know in a general way that gases differ in density or 
weight. A soap bubble filled with hydrogen or a balloon full of 
coal gas will rise in the air. Hydrogen can be poured upwards, 
and carbonic acid downwards. We have not, however, as 
yet made any exact measurements of the relative densities of 


gases, 


, 


1 Nore.—In this chapter the densities of gases are discussed apart from the 
influence of temperature and pressure, 
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Now the mass of a unit volume of any substance is called its 
density. Hence for gases, Density means the mass of \ litre of 
the gas. For example, experiment has already shown that 1 litre 
of hydrogen weighs ‘og gram. Hence it is said that the density 
of hydrogen is ‘og. 

It is often convenient to compare the density of a gas with 
that of some other well-known gas. A7?ry is frequently taken as 
the standard. Then the Relative Density of a Gas means the 
weight of any volume of the gas divided by the weight of an 
equal volume of the standard gas, air. For example, if the 
relative density of carbonic acid gas is stated as 14, it means 
that it is 1} times as heavy as an equal volume of air. 


The Density of Air.—The first attempt to weigha gas was © 
made in the case of air, which for a long time was the only gas 
known. This was tried by Boyle about 1660. 

Expr. 2! An Attempt to weigh Air.—Obtain an open 
gold-beater’s skin balloon. Place it along with a piece of thread 
on one pan of a balance, and weigh it. Attach it to a bellows, 
inflate it, and tie up the neck with the thread. Weigh again. 
The weights are the same. Why is this? 

Think of the balloon lying on the balance pan, open at the 
mouth. Air is inside it and around it and the pressure of the air 
is the same in all parts. Why should any passage of air in or 
out of the bladder change its weight? If more air is put into 
the balloon, it does become heavier by the weight of this air. 
But in air as in water the upward force on a body immersed in a 
fluid ts equal to the weight of fluid displaced (see Vol. 1, p. 61). 
If the balloon has a litre more of air put into it then the upward 
force is increased by the weight of a litre of air. So the weight 
of air in the balloon is always exactly balanced by the buoyancy 
of the air around. It is the balloon alone, not its contents, 
which can be weighed on the balance. 

Von Guericke’s Method.—Successful experiments were 
made about the same time by Otto von Guericke in Magdeburg. 
He used a large flask with a stopcock (Fig. 47). The capacity 
of the flask was first determined. The flask was then emptied 
of air with the air-pump and weighed. Lastly the air was 


1 Lecture Table Experiment. 
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allowed to enter and the flask was 
weighed again. For example :— 


Capacity of flask ... 750 c.c. 
Weight when empty 239°0 gm. 
Weight when full of air 239°9 gm. 
Weight of aur <.:.9 as ‘9 gm. 
Then 750 c.c. of air weigh ‘9 gm. 


san 1000 
Hence, 1000 c.c. of air weigho’9 x —— gm. 


eS 


75° j 
= I'2 gm. 4 
” (Ge Big * 
Fic. 47. FOXY 
(Lo “y =) aw) 
\ 
Expt. 3.1 To find the Qi Sw? 


Weight of 1 Litre 
of Air (Laboratory 
Method). — Fit up an 
8 oz. round-bottomed flask 
or bolt-head with a rubber 
cork, glass.tube, rubber tube 
and clip, as shown in Fig. 
. 48. Put so c.c. water in 
the flask. Support the flask 
on a retort-stand over wire 
gauze. Open the clip. Boil 
the water. Let it boil 
steadily for 5 minutes. The 
air which was in the flask 
will be swept out by steam. 
(What will happen if the 
flame is taken away from 
below the flask for a few 
seconds?) Close the clip, 
quickly remove the flame, 
thoroughly cool the flask | = 
under the tap. (Why doss MM”! lm 

the water boil again?) Dry Fic. 48. 

the outside of the flask. 

When co/d weigh the flask by hanging it from the hook of the 


1 Adapted from Ramsay's Eaferimental Proofs of Chemical Theory, p. 26. 
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balance by a wire. Open the clip. Air will hiss. in. Weigh 
again. Find the volume of the air left in the flask, thus :—Pour 
_ the water left in the flask into a measuring jar ; find the whole 
_ volume of the flask ; subtract. 


Thus, 

_ Weight of flask without air... ... ... 128°47 gm. 

Weight of flask withair ... ....... 128'81gm. 

Difference = weight of air... ... .... °34 gm. 

Volume of water left in flask Sea xcs Sa ere 

Volume of whole flask ... 2... 2... ... 340 c.c. 

Difference = volume ofair ....... 288 c.c. 

. hen 295 Ge. air weigh ... ccs... 34 gm. 

aa : : 1000 

x Hence, 1000 c.c. of air weigh... 358 * 34 

= 1:18 gm. 


The average of many experiments shows that 1 litre of air at 
the ordinary temperature weighs 1°'2 gram. 
 *Alleged Inaccuracy of the above Experiments.— 
_ With an ordinary air-pump (e.g., Tate’s) it is difficult to remove 
_ more than §§ of the air from a globe. Mercury pumps (e.g., 
_ Sprengel’s) will give a much greater exhaustion. Again in the 
last experiment it is possible that a small amount of the air may 
_ not be swept out by the steam. But there is another source of 
error. 
Asa cork floats on water or a balloon in the air, so too a 
: glass globe is buoyed up by the air around it. Although the 
_ force is not enough to make the globe float, it does make it seem 
4 lighter. A globe which displaces a litre of air is buoyed up by 
_ a force equal to the weight of a litre of air. We have seen 
_ that this is about 1°18 gram for a litre globe. But the brass 
_ weights onthe other pan are also buoyed up, though to a less 
_ extent, because they are smaller, say by a force of ‘004 gram 
weight. Then on the whole such a glass globe must seem to 
weigh 1°18 —‘oo4 or 1'176 gram lighter than its weight in vacuo. 
_ But this error affects both weighings ; and therefore, as the 
results are subtracted, the errors seem to cancel each other. 
Then are these corrections for the air displaced needless ? 
The numbers 1°18 and ‘oo4 depend on the weights of air 
displaced. Now the weight of the air depends, as we shall 
presently find, upon its temperature and pressure, and these 
VOL. II I 
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may change during the course of an experiment. In that case 
different corrections may have to be made out and applied to 
each separate weighing. | 

*Regnault’s Method.—This method enables the observer 
to conduct the experiment so that no corrections need be 
applied, however much temperature and pressure may vary 
during the experiment. : 

Two glass globes are required of as nearly the same capacity 
as possible. They are suspended by wires at the two ends cf 
the beam of a balance without removing the pans, and they are 
exactly counterpoised by adding a small piece of glass tubing to 
the lighter globe (Fig. 49). The left-hand globe is then exhausted 


pet 
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Fic. 49. 


as completely as possible by an air-pump, then closed or sealed 
up, and replaced above the left-hand pan. To restore equilibrium 
the necessary weights are added to the left-hand pan. The 
capacity of the left-hand globe must also be determined. For 
example :— 


Capacity of globe... aa UCU 
Counterpoise added to empty globe .... "363 gm. 
If 300 c.c. of air weigh Sti‘ | 
eee 63 
1000 c.c. of air weigh _ D3 om. 
; 300 gm i 
= 1°21 gm : 
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In an experiment conducted according to this method, there- 
. fore, by employing 2 globes of equal capacity, any change in the 
_ buoyancy of the air affects both ends of the balance beam to 
_ the same extent. For the volume of air displaced by the 
- weights used in the second weighing is so small as to be 
negligible. 
This method may be applied to find the density of any gas. 
_ We shall, however, proceed to show how the density of carbonic 
acid may be determined by another method. We know that 
carbonic acid gas is heavier than air. What, then, does a litre 
_ of carbonic acid weigh ? 
Expt. 4. To find the Weight of 1 Litre of Carbonic 
Acid Gas.—Carefully clean and drya 16 oz. flask. Fit it with 
_ a good cork. Weigh it accurately. Remove the cork. Pass the 
_ gas from a generator containing marble and hydrochloric acid 
_ through a drying bottle containing strong sulphuric acid (to dry 
_ the gas) and into the flask, filling it by downward displacement. 
Test with a burning splint from time to time, and when the 
_ flask is full remove the delivery tube. Cork immediately. Weigh 
_ again. Then invert the flask in a trough containing dilute 
_ (three per cent.) caustic soda solution. Remove the cork below 
the surface of the solution, and agitate mouth downwards 
until all the carbonic acid has been absorbed. Cork it again. 
_ The size of a small air bubble remaining shows how nearly 
all the air is removed. Remove the flask and ascertain the 
__ volume of caustic soda in the vessel by pouring it into a measuring 
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@ jar. 
In an experiment, 
Weight of flask filled with air... .... = 66°855 gm. 
f - + carbonic acid = 67°173 gm. 
: difference =. 6°318 gm. 
2 Volume of carbonic acid... ge 497 ¢.Cc. 
| ee 497 
Now, weight of 497 c.c. air... ... ... = 1°2 X fang n° 596 gm. 
_ Hence, weight of 497 c.c. carbonic acid = 0'596 + 0°318 
= O'914 gm. 
. : ; Be 1000 
_ And, weight of 1 litre of carbonic acid gas... .. = 0'914 x ri 
4 = 1'84 gm. 


Do your results confirm this ? 
La Pe 2 
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Summary.—The most accurate measurements of gaseous 
densities have been made by Regnault’s method.. Recently in 


Ce ae 


the hands of Lord Rayleigh, results of extraordinary accuracy ~ 


have been obtained.!. For example, the density of hydrogen is 


determined as ‘ogool, or very nearly ‘o9.. Hydrogen is found — 


to be very much lighter than all the common gases, and conse- 
quently it is very convenient to refer their densities to hydrogen 
as a standard. In that case their densities relative to hydrogen 


can be stated very approximately as whole numbers, as in, the. 


third column of the following table :— 


taint wm) Relative | Relative 
.Taeeiat 4 Density Density 
68: Air =i | Hydrogen = 1. 

EEG OEO GOR ie sec 5 ane "09 0696 | I 
IUIREORCIN de Nine nue 1°26 "972 14 
Air SAE OREN LEONG, ni 1°29 1°000 14+ 
INTEC DXAGE jes sss. Aas 1°35 1036 15 
Oxygen pei" 1°44 I°105 | 16 
Carbonic acid: |... 5. 1°98 1°529 22 
Sulphur dioxide... ... | 2°88 2°247 32 


FACTS WORTH REMEMBERING :—At o° C. :— 


1 litre of air weighs 1°29 gram. 
1 litre of hydrogen weighs 0°09 gram. 


1 or 11°11 litres. 


1 gram of hydrogen fills . 69 


PROBLEMS 


1. Use the apparatus employed in Experiment 3, but without water 
inside. Weigh it dry and full of air. Suck out some of the air. 
Weigh again. Find the volume of air removed. Hence calculate the 
weight of 1 litre of air. : 

2. Devise a method of using the same apparatus to find the weight 
of 1 litre of coal gas. 


_ 2 One splendid result of Rayleigh’s accurate weighings has been his discovery (1804), 
in conjunction with Professor Ramsay, of another gas in the atmosphere, which 1s 
present in extremely small quantity, This gas has been named a7go%. 


. 
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EXAMPLES I 


The Densities of Gases 


1. A flask weighs 130 grams when full of air, and 129°84 grams when 
some of the air has been sucked out. When opened under water 12 Rec 
of water enter. Find the weight of a litre of air. 
2. A flask of 750 c.c. capacity weighs ‘9 gram more when full of -air 

at 29 inches mercury pressure than when full of air at 2 inches pressure. 
Find the weight of a litre of air at 30 inches pressure. 

3. Ifa litre of air weighs 1°29 gram, find how many c.c.,1 gram of 
air will fill. 
4. Find the weight of 1 cu. ft. of air in ounces ; assuming 1 linear 
foot = 30 cm. long, I oz. = 28 grams, I litre air = 1°26 gram. 

5.1 A flask of 250 c.c. volume weighs 125 grams when full of air. 
_ What will it weigh when empty ? 
_ 6. A closed flask of 10 litres external volume is balanced by a brass 
_ kilogram weight. Find the weight of the flask in vacuo. Relative 
density of brass = 8. 
_ «7. If 250 c.c. of a gas weigh ‘og gram more than 250 c.c. of air, find 
___ the weight of 1 litre of the gas. 
_ _-—s*&.1 If coal gas is half as heavy as air, find the lifting power of a 
balloon of 100 litres capacity. 

9.‘ If 750 c.c. of a gas weigh *39 gram less than 750 c.c. of air, find 
the weight of 1 litre of the gas. 


1 In questions 5 to 9 assume that r litre of air weighs 1°2 gram. 


CHAPTER XII 


THE PROPERTIES OF GASES.—BOYLE’S LAW 


WE have already satisfied ourselves that the air, though 
invisible, has weight. About 240 years ago the Honourable 
Robert Boyle working in Oxford perfected the air-pump or 
“»neumatical engine,” as he called it, and proceeded to make 
many interesting experiments. He was soon persuaded that 
“there is a spring or elastical power in the air we live in.” He 
made the experiment described on p. 110, and saw in the expan- 
sion of the bladder as the air was gradually removed from the 
receiver an evidence of the pressure or force of the “spring” of 
the air inside the bladder. 

Again, he fitted a barometer into the receiver of an air-pump 
and found to his delight that as the air pressure upon the 
mercury in the cistern was exhausted, the space above the 
mercury in the barometer tube increased at the same time, and 
the mercury fell. 

This experiment suggested to him that it was worth while to 
investigate what relation there was between the spring or pres- 
sure of the air in the barometer tube and the volume it occupied, 
for, said he, “it is probable that the discovery would not be 
unuseful.” He finally solved this question successfully in a way 
which we can readily repeat. 

Expt. 1. To find the Relation between the Volume 
of Air and the Pressure it exerts.—-Take an ordinary glass 
tube, about 110 cm. long, and seal one end a ina flame. Bend 
the tube at a point about 20 cm. from the sealed end, until the 
two limbs are parallel to one another. Cut a groove in a cork 
disc. Draw out the tube of a thistle funnel so that it can be 


-_ 


4 
‘ 
F 
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ee - : 
inserted in the glass tube at c. Support the tube by means of a 
clamp upon the cork. (F ig. 50.) 

Now pour in enough mercury to fill the bend of the tube. 
Take the tube out of the clamp, and bring the mercury to the 
same level in both limbs of the tube by inclining the tube 
frequently, and so permitting air to pass from one limb to the 
other. Fix the tube in the clamp again. The enclosed air is 
now at the pressure of the atmosphere outside. Mark the level 
of the mercury in the closed limb at 4 with a small label. 


Fic. so. 


Measure the length ad with a metre scale. Gum a small label 
at a level ¢, halfway between a and 4, 

Then carefully pour mercury into cd through the funnel. The 
volume of the air in a is diminished, for the level of the mercury 
rises gradually up da. Proceed in this way until the mércury 
has risen exactly half-way up da. Now observe that the mercury 
stands at a much higher level in the limb c/ Measure the 
difference in the level of the mercury in the two limbs with the 
metre scale. Is it not about 760 mm.? 
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Therefore, the pressure of the enclosed air is now balanced by 
that of the atmosphere and that due to 760 mm. of mercury. 
But the pressure of the atmosphere is equal to that of 760 mm. 
of mercury. Therefore the pressure of the enclosed gas is dowd/e 
the atmospheric pressure, while the gas occupies Aa// the original 
volume. 

Boyle’s account (1662) of his own experiment is worth reading, 
and after performing the above experiment it will be easier to 
follow the rather involved sentences in which it is described.' 

“We took then a long glass tube, which, by a dexterous hand 
and the help of a lamp, was in such a manner crooked at the 
bottom, that the part turned up was almost parallel to the rest ~ 
of the tube, and the orifice of this shorter leg of the syphon (if 
I may socall the whole instrument) being hermetically sealed, 
the length of it was divided into inches (each of which was sub- 
divided into eight parts) by a streight list of paper, which con- 
taining those divisions, was carefully pasted all along it. Then 
putting in as much quicksilver as served to fill the arch or 
bended part of the syphon, that the mercury standing in a level 
might reach in the one leg to the bottom of the divided paper, 
and just to the same height or horizontal line in the other ; we 
took care by frequently inclining the tube, so that the air might 
freely pass from one leg into the other by the sides of the 
mercury (we took, I say, care), that the air at last included in 
the shorter cylinder should be of the same laxity with the rest 
of the air about it. This done we began to pour quicksilver 
into the longer leg of the syphon, which by its weight pressing 
up that in the shorter leg did by degrees streighten the included 
air ; and continuing this pouring in of quicksilver till the air in 
the shorter leg was by condensation reduced to take up but half 
the space it possessed (I say, possessed, not filled) before ; we 
cast our eyes upon the longer leg of the glass, on which was 
likewise pasted a list of paper carefully divided into inches and 
parts, and we observed not without delight and satisfaction that 
the quicksilver in that longer part of that tube was 29 inches 
highet than the other. ... . Here the same air being brought 
to a degree of density about twice as great as that it had before, 
obtains a spring twice as strong as formerly.” 


1 Boyle's Complete Works, vol. 1, p. 100, 
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PROBLEMS 


Making use of the U-tube used in Experiment 1, find the change in 

pressure which occurs when 
(z) The volume is reduced to three-quarters of the original volume. 
(4) The volume is reduced to two-thirds of the original volume. 
(Do not place the tube in direct sunlight, nor handle it.) 


The result of these and other experiments may be summed up 
in the following statement, which in honour of Boyle is usually 
known as Boyle’s Law.—When 
the temperature remains A. ‘D 
constant, the volume occu. 
pied by a definite mass of 
air varies inversely as its 
pressure, ¢.g. if the pressure is 
increased 2, 3, 4, 5 times, the volume 
will be reduced to 4, 4, 4, 4, of the 720 
original volume.! B 


480 


The apparatus we have used is 
suitable for studying the change in 
the volume of air when the pres- 
sure is increased above that of the 
atmosphere. It is not suitable for 
finding whether Boyle’s law applies 
also when the pressure is reduced ; 
yet it is most desirable to learn 
whether this is so or not. 

Expt. 2. Totest Boyle’s Law Fic. 51. 
for Pressures less than that 
of the Atmosphere.—Take a straight tube A F (Fig. 51), 
about 3 feet long, sealed at one end, like the one used in Vol, |e 
p. 67, Expt. 7. Fill rather more than half the tube with 
mercury. Measure the Iength A B of the column of ‘ait 
still in the tube, say 480 mm. Hold the thumb firmly over 
the open end A. Invert the tube in a basin of mercury. 
the air rises to the top. Remove the thumb. The mercury 
drops and the air expands. Measure the length D C of the air 


1 Boyle must share the honour of arriving at this important generalisation with 
Mariotte, whose treatise De Ja Nature de lA iv, was published in Paris in 1676, 
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space now, say 720mm. Also measure the length C E of the 
mercury column, say 250mm. Then, 


ae 20 . 
the volume of the air is Ai or 3 of what it was. 


480 
What is now the pressure of the air in D C? The pressure 


of the air in A B was that of the atmosphere. Read the baro- 
meter, say 750mm. Now, 


pressure of the air in D C + balance the external pressure of 
pressure of the mercury column C E the atmosphere. 
Hence, 


Pressure of the air in D C = 750 — 250 or 500 mm. of mercury. 


500 


Gi 2 ; 
Hence, the pressure of the air caer or 3 of what it was. 
Now 3 is the inverse ratio of 3, and consequently the volume 


of the air has changed in the inverse ratio of the 
C change in the pressure. 


Boyle was acquainted with but one gas—viz., 
atmospheric air. We now know other gases, and 
therefore it is important to try whether Boyle’s law 
is true for them also. 

Expt. 3. To find whether Boyle’s Law 
is true for other Gases, for example, Car- 
bonic Acid Gas.’—Fit a small strong wide- 
necked bottle F with a 3-holed stopper (Fig. 52). 
Introduce through two of the holes two glass tubes 
A and B each one metre long, which are drawn out 
near their upperends. Fix through the third hole a 
tube C open at both ends. Obtain also a long glass 
rod which can slide freely within C. Fill the bottle 
with mercury. Fit the cork firmly in the neck, and 
bind it down with wire. Place the rod in C. 

Pour mercury into the tube C until the two other 
tubes are full of mercury. Connect A to a gene- 
rator of carbonic acid gas. Leave B open to the 

Fic. 52, air. Now raise the rod slowly. The mercury falls 

in A and B, and carbonic acid is drawn into A, and 
air into B. Manipulate the supply of carbonic acid so that the 


1 Lecture Table Experiment. 


4 
B. 
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mercury levels E and D are about halfway down the tubes 
A and B, and the same in each. Then seal the tubes at 
A and B. 

Now lower the plunger in C. The level of the mecury in C is 
raised, and therefore the pressure upon the gases in A and B is 
increased, and to the same extent. Notice that the two surfaces 
E and D move up together, and are always on the same level. 
This shows that under the same pressure the gases are equally 
compressible. Also raise the plunger. The surfaces E and D 
sink together. 

It is evident that under changing pressure the volume occupied 
by the carbonic acid changes in precisely the same way as that 
of the air. We are, therefore, justified in concluding that Boyle’s 
law applies to carbonic acid as well as to air. In the same way 
it can be proved that the law is equally applicable to any of the 
other permanent gases with which we are acquainted, 

We may therefore re-state Boyle’s law thus :— 

When the temperature remains constant the vol- 
ume occupied by a definite mass of any gas varies 
inversely as its pressure. 

Our experiments have only been made over a small range of 
pressure. We have therefore no right to assume that if the 
pressure on a given mass of gas is increased 100 times, its volume 
will be reduced exactly 100 times. All we can rightly conclude 
is that Boyle’s law holds for gases within the range of pressure 
covered by our experiments and with the degree of accuracy of 
measurement possible in our observations. 


PROBLEM 


Fit up the apparatus shown in Fig. 53, using a litre flask, rubber 
stopper, glass T-piece, rubber tubing, two clips, glass tubes, and_ basin 
of mercury. Open the clips. Suck at A. Mercury rises up B. Close 
the clips. Find whether the air in C has expanded according to 
Boyle’s law.! 


Mathematical Expression of Boyle’s Law.—Let a 
certain mass of gas have a volume V, and a pressure P,. Let 
its volume be changed to V, when its pressure becomes Py. 


1 This problem is taken from Ramsay's Experimental Proofs of Chemical Theory, 
p. 23, where it is worked out in detail. 
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Then by Boyle’s Law, 


Vk 

v.~ §, soot ERR Wiebe tare eee 
ore} 

VsPy Nebo: sn te oe ee 


Similarly, if it be made to take other volumes V3, V4, &c., 
V,P, = V3P3 = V,P,, &e. 


an ( 


| 


The product of pressure and volume, therefore, remains con- 
stant, or 


PY =C (a constant) 1... Ge ee 
From (2), 
‘ 
VP, - 


This form of the equation is useful in testing the results of 
experiments. 


EXAMPLE.—In an experiment V, = 338°5 c.c., P, = 505°2 mm., 
Vo = '274°5.6.¢ , Pg = 7302 tam. 
Then, 
VeP. _ 2745 x 7362 
VP, . 3385 x 5952 
= 1°003 + 
Hence the above data agree very nearly with Boyle’s Law. 


‘ 
3 
‘ 
: 


=i a 
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Again, from equation (2) 
3 P 
Wasa, : P, Ros ok eayemee «4 5 
This equation is useful in calculations like the following :— 
EXAMPLE.—What volume will be occupied by ‘250 c.c. of air at 
720 mm. when the pressure changes to 750 mm. ? 


Here, 
V, = 250 c.c., P} = 720 mm., P, = 750 mm. 
Hence, V2 = 250 x fag ere. 
75° 
== 240 €.c. 


The Measurement of Gases collected over Water 
or Mercury.—When the volume of a gas 
standing over water is measured, the liquid 
levels should be the same within and without | 
the tube. This can generally be arranged for. 
But if not, a calculation must be made. 


EXAMPLE.—100c.c. of air are collected in a tube 
over water (Fig. 54), when the barometer is at 750 
mm., the water standing 27 cm. higher inside the 
tube than without. What volume would the air 
occupy at the atmospheric pressure 750 mm. ? 

Now, since the relative density of mercury is 
134, 27 cm. of- water produce the same pressure as 


270 
—— mm. or 20 mm. of mercury. 
133 
Then, the external air pressure of 750mm. is balanced by the internal 
air pressure, together with that of 20 mm. of mercury. 


_ Hence, the internal air pressure = 750 — 20 mm. 


Fic. 54, 


= 730 mm. 
Here, Vi = 100 ¢.¢., |.P) = 730. mm.,.. Py = 766 fam. 
Hence, V, = 100 x 730 
75° 
= 97°3 c.c. 


Graphic Expression of Boyle’s Law.—Draw two lines 
OX and OY at right angles (Fig. 55). Measure distances 
in any units, say inches, along each. Let distances along OX 
represent volumes, and distances along OY pressures. 
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The point A is distant 1 inch from OX and 1 inch from OY, 
and may be taken to represent a given mass of some gas at unit 
pressure and unit volume. Similarly, the point B represents the 
same mass of gas at double volume and half the pressure. 
Again, C represents the gas at half the volume and double the 
pressure. Notice that in each case the rectangle enclosed by 
the dotted lines, representing volumes and pressures, has an 
area of I squareinch. The product, then, of pressure and volume 
is represented by a constant area (cf. equation 3, p. 124). 

Find other points representing the same mass of gas when its 
volume is 3, 2, 14, &c. Notice that these points lie on a curve 


Y 


Fic, 55. 


Draw the curve CA B. This line C A Bis the graphic repre- 
sentation of Boyle’s Law. The curve is what mathematicians 
call a rectangular hyperbola. 

Obtain some paper ruled in Squares, say ten squares to the 
inch, and plot all the results obtained in Experiments 1 and 2. 
Can a smooth curve be drawn through them ? 

The use of the word “ Law,”—*« Words,” wrote the 
Duke of Argyll,! “ which should be the servants of Thought are 
too often its masters; and there are very few words which are 
used more ambiguously than the word ‘ Law. .... Ih its 


| The Reign of Law, by the late Duke of Argyll, p. 64. 
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primary signification a ‘law’ is the authoritative expression of 
human Will enforced by Power.” 

But as applied by Science to natural phenomena the word 

“law” has a less dignified sense; it is a brief description 
of observed facts. Thus if the pressure on a given mass of 
air at a constant temperature is doubled the volume is halved ; 
if the pressure is trebled the volume is reduced to one- 
third. And a similar experience is found with hydrogen and 
other gases. These observed similarities are summed up in the 
brief description, that when the temperature remains constant 
the volume occupied by a given mass of gas varies inversely as 
its pressure, and this description is called Boyle’s ‘Law? But 
as has already been stated our experiments have only been made 
over a small range of pressure, and it is a misuse of language to 
Say that Boyle’s Law “must” always be “ obeyed.” Boyle’s Law 
is not a command given to gases which they are required to 
observe. We have no right to conclude that if the pressure on 
a given mass of gas is increased 1000 times its volume will 
| be reduced 1000 times. It may or may not be the case; we 
as simply do not know until it is determined by experiment. 
. The Laws of Science do not “govern” the universe. nor are they 
analogous to legal enactments. “ They are mere descriptions, 
often tentative, often erroneous, of similarities which we believe 
we have observed.” ! 


. 


EXAMPLES II 


- Boyle’s Law 


‘I. Given V, = 99 c.c., P, = 750 mm., V. = Io! c.c., find P,. 

2. 1,440 c.c. of air were enclosed in a bell-jar over water on a day 
when the barometer showed 750 mm. What volume would the air 
occupy if the barometer had fallen to 720 mm. ? 

‘3. 100 c.c. of air were measured at 750 mm. The volume afterwards 
changed to tot c.c. Find the new pressure. 

4. Find the capacity in cubic inches of a steel oxygen cylinder which 
contains under a pressure of 1,800 Ibs. per sq. in. enough oxygen to fill 
20 cu. ft. under a pressure of 15 Ibs. per sq. in. (assuming Boyle’s Law 
to hold at the high pressure). 


Prof. J. H. Poynting. See Nature, vol. lx. Pp. 470. 
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_ 5. Find the pressure in Ibs. per sq. in. required to force 40 cu, ft. of 
coal gas at 15 lbs. per sq. in. into a space of $ cu. ft. 

/6. By how much must the pressure on 1,000 c.c. of air at 760 mm. 

be increased to make the volume 50 c.c. less ? 

7. What change will there be in the volume of 1,000 c.c. of air at 
30 ins. of mercury pressure when the barometer falls to 28 ins. ? 

8. In a Boyle’s Law Experiment with a syphon tube there was 
originally 6 ins. length of air in the shorter limb. The barometer stood 
at 30 ins. Mercury was poured into the open limb until it was 15 ins. 
higher there. Find the length of air in the inner tube (see Fig. 50, 
p- 119). 

g. In another similar experiment, 12 ins. length of air was enclosed 
in the shorter limb. What height of mercury would compress the air 
to 4 ins. length? 

10. Two flasks of 500 c.c. and 1,000 c.c. are connected by a stop- 
cock. The 1,000 c.c. flask is vacuous.. The 500 c.c. flask contains air 
at 750 mm. pressure. Find the pressure after opening the tap. 

11. Are the following figures in agreement with Boyle’s Law? Find 
Vols to 3 places of decimals. 

V,P, 

V,= 250 cc., P, = 760 mm., Ve = 253 c.c., Py = 750 mm. 
12, V, = 240 Cu. ins,, P, = 29 ins., Vo = 232 cu. ins., P, = 30 ms. 
¢ 


— 


Pik s+. 2. alias 


CHAPTER XIII 


THE PROPERTIES OF GASES.—THE EXPANSION OF GASES BY 
. HEAT 


It has already been shown (Vol. L., p. 41) that air expands when 
heated, and contracts on cooling. We have, however, made no 
endeavour to measure 
the amount of this ex- D 
pansion, nor have we : f 
tried to compare the ex- 
pansions — of different 
gases. 

John Dalton made, in 
1801, in Manchester, the 
first really important re- 
search on this subject, 
and shortly afterwards 
Charles in Paris arrived 
quite independently at 
the same conclusions as 
Dalton. 

Suppose we study in 
the first instance the ex- 
pansion of air when 
heated. 

Expt. 1.! To find the Expansion of 1 Litre of Air 
when heated 1° C. ~—Dry thoroughly an 8 oz. round-bottomed 
flask or bolt-head. Choose a closely-fitting one-holed rubber 
stopper. Fit it with a short glass tube, rubber tube and clip? as 
shown in Fig. 56. The tube must fit very tightly into the 


_ } Adapted from Ramsay's Experimental Proofs, p. 21. 
2 A stopper of glass pee may be used in place of the clip. 
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stopper. Place the stopper firmly in the flask, Fix the flask in 
a small retort-stand, which can be placed within a cylindrical 
tin vessel. Half fill the tin with water, and heat it over a rose- 
burner. Open the clip on the flask. As soon as the water begins 
to boil, place the stand with the flask in the tin so that the flask 
is immersed in the water up to the stopper. After a minute or 
two, close the clip. Heat the flask thus for at least 5 minutes, 
but open the clip for a moment from time to time. Take the 
temperature of the water. Then tighten the clip, and remove 
the flask. Cool the flask. Invert the flask in cold water, and 
open the clip under the water. Water enters the flask, Why? 


Shake. This will ensure the cooling of the air and flask to the — 


temperature of the water. Lower the flask till the level of the 
water is the same within and without. Then close the clip under 
the water. Take the temperature of the water in the flask. 
Measure the volume of water which has entered the flask. Find 
also the volume of the whole flask up to the lower surface of the 
stopper. 

The method of calculation will perhaps be best understood by 
considering first an experiment in which the flask was opened 
under zce-cold water :— 


Temperature of boiling water... ...  ... 100° C. 
Temperature of cold water... ww o G@ 
Volume of whole flask ... 0 1. s00 0. 3GQ Cae 
Volume of water entering flask .,. ... 96 Cc. 


Then, 
360 c.c. of air contracted 96 c.c. in cooling through 100° C. 


Therefore, 


(360 - 96) c.c. or 264 c.c. at o° would expand 96 c.c. when heated to 1oo® C, 


96 
Hence, 2-GG sy $ =— ‘3 5 too’ C, 
264 
06 I 
TCG 5 5 <— X — 4, ‘o a? 
264 100 
96 TOOO ‘ 
1000 C.C, 55 $9 6 ieee ” rc 
264 10o 
Or, TOOO C.C. 4 * S@S ica os -" a 


Secondly, consider an experiment in which the flask was 
opened under water at the ordinary temperature :— 


Temperature of hot water icy es A 
| *ompsetatine of Gold watef cc i ena) Oe 
Volume of whole flask ... 4. 4.0 os) 3600.0 


Volume of water entering flask ... .. 850e.¢ 


Lope SS Same 


Then, 


* | 360 ¢.c. of air in cooling from 100? to 16° (z.2. through 84°) contracted 85 66 
_ &@. 360 c.c. in cooling through 84° contracted .. ..... och. a 85 GC, 
Hence, 
: : y 8 
360 c.c. in cooling through 1° would contract Raat read il: eet a Ce 
é 85 
360 C.c, a Pe 100 a a Wad, Gaeaalehess 84 X I00 C.¢, 
{ 
Or, 
369 c.c. would contract ror‘ c.c. in cooling through ... ... 100°C, 
Therefore, 
(360— ror‘2) c.c. or 258°8 c.c. ato” would expand 1to1‘2 c.c. _ when heated 100° €. 
IOI 2 
Hence, Gc. “ Ms 2 3588 5 100° C, 
IOI‘2 1000 a 
1000 C¢.C. sh 3 Pe 258° x ido CO ee iM Gea 
Or, £000 ¢.C. i is 43 3°91] c.c. ay rc 


More accurate experiments than can be made with this simple 
apparatus show that the expansion of 1 litre of air at 0° when 
heated to 1° C. is 3°66 cc. Dalton himself obtained the value 
3°63. ie 

Notice that we have assumed in these calculations that. the 
expansion during 1 degree is the same wherever that degree is 
upon the scale of temperature. By repeating the experiment 
through different ranges of temperature, say 100° to 0°, 100° to 
30°, 100° to 50°, we could find whether we are led in each case 
to the same result. Careful experiment proves this to be so, and 

therefore the assumption made is justified. 


i Suppose we have equal volumes of different gases, will they 
; _ €xpand to the same extent as air, when heated through the same 
q range of temperature ?— 

8 Expt. 2.1 To compare the Expansion of Carbonic 
_ Acid Gas with that of Air.—Fit up the apparatus shown in 
| Fig. 57. There are two similar tubes A and B within a wider 
one. A contains dry air, B an equal length of dry carbonic acid 
gas. They dip into and are partly fixed with dry mercury. The 
__ mercury is contained in a stout bottle C. The cork of this bottle 
“ is not air-tight. Surrounding the parallel tubes. is a steam jacket 
os a: The mercury levels stand side by side at E. Connect the 
x 1 Lecture Table Experiment. 

K 2 
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tube F with a flask or tin can in which water is being vigorously 
boiled. The gases within the tube are heated by the steam. 
Observe that they both move down to the same level G. This 


Fic. 57. 


shows that the expansion of the carbonic acid 
is equal to that of the air. 

CHARLES’S LAW.—In the same way as 
in Experiment 2, the expansion of other gases 
may be compared with that of air, and the 
conclusion arrived at may be expressed in 
words used by Dalton in 1801 when he read 
his paper on this subject in Manchester :— 

“The results of several experiments made 
upon hydrogenous, oxygenous, carbonic acid 
gas, and nitrous gas, which were all the kinds 
I tried, agreed with those of common air. . . . 
Upon the whole, therefore, I see no sufficient 
reason why we may not conclude that all elastic 
fluids under the same pressure expand equally 
by heat.” 

It was long forgotten that Dalton had first 
arrived at this important generalisation. Con- 
sequently it is after the Frenchman, who also 
independently arrived at it, that it is usually 
known under the name of Charles's Law, Viz. :— 

Equal volumes of all gases under the 
same pressure expand equally for equal 
increments of temperature. 

Accurate experiments show that 1 litre of all 
permanent gases at o° will expand the same 
amount, viz., 3°06 c.c. for every rise of I ©. 


3°66 I . 
Hence all gases expand ~— or- of their 
1000s 273 


yolume at 0° for every rise of °C. This number is called their 
coefficient of expansion. 


For example, 


273 c.c. at 0 become 


to 


NNN WN 
pay SH “I 
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' 
We can, therefore, construct a Table such as the following, 
expressing the volumes of a gas at different temperatures which 
correspond to 273 volumes at o° C. ; C.L.— 


293 volumes at 20° C, 
290 a az C. 
288 PA Fe. 
283 <a eC. 
a 274 a = C. 
* 270 | ue. 
4 263 be ~10° C. 

Absolute Zero.—Then, if on cooling a gas from 0° C, down- 
wards, it contracts g}, of its volume for every degree, we shall 
at last reach that temperature at which its volume entirely dis- 
appears. This will evidently be at — 273°C. This temperature 
ts called the absolute zero, and it is frequently used as a con- 
venient point from which to measure temperatures. 

As a matter of fact, no one has yet succeeded in obtaining so 
low a temperature ; and most gases are liquefied above — 273°C, 
Still, at ordinary temperatures a gas behaves as though its volume 
would vanish at ~ 273° C. 


Temperatures reckoned in C. entigrade Degrees from Absolute . 


< 


Zero are called Absolute T. emperatures (A), e.g.— 


0° C. corresponds to 273° A. 


20° C. 9 273 + 20 or 293° A. 
= 19 & 9 2/73 = 85 0r 258° A. 
YC ” 273 + @ or T°. 
» If a gas has a volume 1 at 0° C. its volume at 10° C, will be ro 
P fe) 
2.€., the volumes are as_ 1: I~ 
273 
or, 273, 283 
273 273 
or, 

273: 283 


or, as their absolute temperatures, 


In a similar manner it can be shown that the following re- 
statement of Charles's Law is true :—The volume of a gasis 
proportional to its absolute temperature, when the 
pressure is constant. 


Pe CS 

Pd 

Thus, if V, denote a volume of gas at the absolute temperature T, 

: and V2 ” 99 ” ”? Te 
hen. yoo: . . | 
V,: V5 = 94286 m4 
or, 

To = Ven 


ExamMpL_es—(1) Find the volume at 0° of 72 ¢.¢. of a gas measured at 
ane SB 
o° C. = 273° A. : 15°C. = 288° A. 
If volume at 288° A. is 72 c.c. 
at 1° A. it is Fee. 


288 
at 273 A. itis 72 x 588 C.C 
z7.c. at o° C. it is 68} c.c. 
Or, again, by reference to the Table on p. 133, 
since, 288 vols. at 15° C. correspond to 273 vols at o ., 
273 ° 
therefore, 72 .C. . ‘5 72° X 588 c.c. ato C. 


Cbs J2C.C re am 684 c.c. oy 


: a 
of 
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(2) At what temperature will 60 ¢.C. of gas measured at 27° C.. 


expand to 80 ¢.c. ? 
27° C. = (273 + 27)° A. or 300° A. 


If the volume is 60 c.c. at 300° A. 
it is I c.c. at 3 A. 
60 
or 80 c.c. at ~ x 80° A. or 400° A. 


#.¢., 80 c.c. at (400 — 273) C. or 127° C. 
See Examples III, p. 137. 


Since a gas tends to expand when it is heated, it follows that 
if a gas is so heated that the volume cannot change the pressure 
must increase. 


Expt. 3.1 To show that when a Gas is heated at 
Constant Volume the Pressure is increased.— Place a 


small piece of sheet india-rubber at the bottom of an 8 oz. 


round-bottomed flask. Introduce a test-tube into it so that it 


rests on the rubber and is supported by the neck of the flask. 
(Take the temperature of the air in the flask.) Close the flask 


1 Lecture Table Experiment. 


aa. » - oe on! oS i 
=! ae 5 oo ey 
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with a tightly-fitting rubber stopper, through which is passed a 
long tightly-fitting narrow glass tube (Fig. 58). Pour some 
mercury into the tube and see that it takes the same level 
within and without the tube. Measure the position of this level. 
Tighten the stopper. Surround the flask with boiling water and 
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steam, as in Experiment 1. The mercury rises in the tube. 
Take the temperature of the water. Mark the level reached 
by the mercury in the tube. Measure the pressure shown by 
the mercury. For instance, if 


merometer stood at... =... ... ... .. 750mm. 
meme ormercury f°... 1. 240mm. 
Original temperature of the air ... 160°.C. 
Temperature of the boiling water... ... 100° C, 
Then, for 90° rise of temperature, pressure rose 240 mm. 
6 440 
Hence, ,, 1° Pr 9 rr would rise 74° mm. 
go 
2400 
99 10° » or) ” .9 : or 263 mm, 
90 
and at 0°, pressure would be (750 — 262) mm. 
= 7234 mm. 
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Therefore, 
240 
: : x. 90 
coefficient of the increase of pressure for 1° = ——> 
7233 
ORY 
261 


Thoroughly careful experiments show that when a gas is 
heated at constant volume the coefficient of the increase of 
pressure for 1° is y}3. Observe that this is exactly the same as 
the coefficient of expansion when a gas is heated at constant 
pressure. Can you explain this apparently remarkable coinci- . 
dence? Hence, when a gas is heated at constant volume the 

ressure is proportional to the absolute temperature. 

Mathematical Expression for a Gas under different 
Conditions of Pressure, Volume and Temperature.— 
Let us suppose that a gas in the state denoted by P,, Vy Ty 
converted into the state denoted by P., Vy, Ts, in /wo stages. 

(1) While the temperature remains constant at T,, change 
Py tO Ps. 


Let V, in consequence become V. 


Then, 
P,V, = P,V (Boyle’s Law), 
as Ten ah 4 
] 2 


(2) Then.while the pressure remains constant at Ps, change 
Ty, to T.. 


Let V in consequence become Vo. 


Then, 
Vt, = Vely (Charles's Law). 
But 
wo PA 
Pe 
Hence, 
P,V. 
5 * x Ty = VeTy 
or 
BY, . BV a) 
T, T. Me er te ae ae ON , 


which is the expression required. 
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Observe that if we put V, = Vz in equation (1), we have 

P, _ Py 

TT, 

_ or, when the volume remains constant, the pressure is pro- 
_ portional, to the absolute temperature, as we have already shown 
by experiment to be the case. 


_ __EXAMPLE.—81I9 c.c. of air are measured at 13° C. and 741 mm. 
What would the volume be at 0° C. and 760 mm. ? 
_ Since O° is a lower temperature than 13°, the volume will be less at 0°, 


and the volume corrected for temperature will be 819 x 273, 


Again, since 760 mm, is a greater pressure than 741 mm., the volume 


: ; . 74l 
will be less at 760 mm. in the ratio 760: 


Hence, 


volume at 0° and 760 mm. = 819 x 273, 741 


286 — 760 
= 7023 C.c, 
N.B.—Gas volumes are generally corrected to o°C. and 
760 mm. of mercury. 
N.T.P. means Normal Temperature and Pressure ; 
C. and 760 mm. of mercury, 


EXAMPLES III 

Charles’s Law 

1. Find from each, of the following the temperature at which the 
volume of the air would vanish, if it went on contracting at the same 
rate (see Experiment 1)— 


(1) (2) 


Temp. of air when hot _...._-100° C. 100° C. 


Temp. of air when cold _.., oC. 20° C. 
Vol. of whole flask ... ... 4I4Cc.Cc. 339 ¢.c. 
Vol. of water entering... ... I1Ic.c. VZC.G, 


2. Find the coefficient of expansion of air from each of the 
following— 


(1) (2) , 
Temp. of air when hot... 80° C. 99° C. 
Temp. of air when cold _... oC. 1o"&. 
Vol. of whole flask ... ... 441 c.c. 338 c.c. 
Vol. of water entering ...  100c.c. 76¢.c, 
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3. A litre of air is measured at 13° C., what will be its volume at 
o° C.? (Answer in c.c.) 

4. What volume of air at 21° C. will fill one litre at 0° C. ? 

5. If a litre of air at 0° C. weighs 1°29 grams, what will be the 
weight of a litre at 28° C. ? 

6. A fire balloon contains 1,000 litres of air at 114°C. How much 
lighter is this air than 1,000 litres at 0° C.? 


EXAMPLES IV 


Charles’s and Boyle’s Laws 


1. Find the volume at N.T.P. of— 


(2) 100 c.c. of oxygen at 63° C. and 741 mm. 
(2) 100 ‘5 77° C. and 800 mm. 
(c) 100 +. — 52° C. and 676 mm. 
2. A quantity of air measures 500 c.c. at 0° C. and 760 mm. 
(2) Find the volume at 15° C. and 720 nm. 
(d) ‘a ne 33° C. and 760 mm. 
(c) ie ‘5 52 C. and 950 mm. 
3. A quantity of nitrogen measures 20 c.c. at 17° C. and 740 mm, 
(a) Find the temperature if the volume is 4oc.c. at 760mm. 
(0) 55 cs is ‘ 37 c.c. at 600 mm. 
(c) " 55 ‘5 5% 20c.c. at 814mm. 
4. A quantity of carbonic acid measures 40 c.c. at 27°C. and 780mm. 
(z) Find the pressure if the volume is 40 c.c. at o° C. 
(4) » ” 9 9 50Cc. at 1 
(c) >» yy ‘9 ss jo cc. at 6°C. 


EXAMPLES V 
The Densities of Gases 


Assume—tI litre of hydrogen weighs ‘og gram at N.T.P.; also 
densities relative to hydrogen :— 
Eos a a ee UCN. okt. noe ay 
Nitrogen Te ee Carbonic acid « 


Find the weight of a litre of oxygen at N.T.P. 

What volume will 1 gram of carbonic acid gas fill ? 

. Find the volume occupied by 1 gram of steam at gt’ G. 
- Find the weight of a litre of steam at 104° C. 


fwN mo 


6 Find ihe weight of 19 c.c. oxygen at 1 3° C. and 770 mm. 
7. To what temperature must oxygen (density 16) be heated in order 


to make it as light as hydrogen is at 0°? 
_ 8. At what temperature will air have half the density that it has at 


23° C.? 
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CHAPTER XIV 
A RESEARCH ON CHALK 


WE shall now return to Black’s research! on chalk, and en- 
deavour to follow those lines of inquiry which Black himself 
pursued. We may hope to arrive at important results by making 
in this way a thorough examination of one substance, particularly 
if we pay close attention to the quantities of the materials with 
which we are dealing. 

Chalk is a substance which causes the liberation, as we have 
already found, of carbonic acid gas when hydrochloric acid is 
added to it, and yields lime when it is heated in a kiln. This is 
also true of calcspar and marble. Pending further evidence we 
shall use the term chalk as including all of these. 


THE ANALYSIS OF CHALK 


(2) THE ACTION OF ACIDS UPON CHALK.—ExpPT. 1. To 
find the Weight of Carbonic Acid expelled from 
100 Grams of Chalk in contact with Hydrochloric 
Acid.—We might attempt to collect and weigh the gas itself, 
but it is easier to find the /oss im weight due to escaping gas. 
Choose a small lipped beaker and a small flask, small enough 
to stand side by side upon the balance pan.2_ Into the beaker 


1 A reprint of Black’s admirable paper (1755) may be obtained in No. 1 of the 
** Alembic Club Reprints,” W. F. Clay, Edinburgh, 1s. 6¢@. net. Advanced students 
and teachers of Chemistry are strongly recommended to obtain it. A few years later 
Lavoisier repeated and extended Black’s experiments. He gave in 1773 a very clear 
account of them and of the history of the discovery of carbonic acid gas. A 
translation of this by Henry under the title of Assays, Physical and Chemical, is 
very readable and well deserves perusal. 

2 If there is not room for both on the pan, the flask may be slung by a thread from 
the hook at the end of the beam. 
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pour about Io c.c. of strong hydrochloric acid. It fumes and 
may lose weight by fuming. Add about 30 c.c. of water ; the 
fuming stops. Place a short glass tube, which has been nar- 
rowed at one end, in the beaker. Weigh the half-full beaker 
and the empty flask together. Place about two grams of dry 
_ Chalk! in the flask. Weigh the flask and beaker again (Fig. 59). 
__. Transfer carefully a little acid by means of the dropping tube 
from the beaker into the flask. There is an effervescence of 
carbonic acid gas. We wish to liberate all the carbonic 
acid ; so go on adding acid until effervescence ceases. By 
means of the tube suck out carbonic 
acid from the flask. Weigh the beaker 
and flask again together with the tube. 
There is a decrease in weight. Calcu- 
late the loss in weight there would -be 
in the case of 100 grams of chalk. What 
causes of error are there possibly.in this 
experiment ? 

In successive experimenen performed 
by pairs of boys the following numbers 
were obtained for the percentage of carbonic acid expelled 
from chalk and hydrochloric acid :—45, 42°4, 45°4, 43, 45, 43. 
Mean: = 439. Do your experiments lead to the same result ? 

Careful experiments show that whatever the quantity of the 
chalk that is taken, there is a loss of about 44 per cent. 
This shows that the quantity of carbonic acid evolved depends 
upon the quantity of chalk taken, and not upon the quantity of 
acid added, provided sufficient acid has been added. Is it 
therefore certain that the carbonic acid comes from the chalk 
and not from the acid (vzde p. 9)? No. 


(4) THE EFreEcT OF HEAT UPON CHALK.—As we have 
already learnt, it has long been known that when chalk is 
exposed to a violent heat it is converted into a substance called 
quicklime. The alchemists and early chemists regarded this 
as a peculiar acrid and caustic earth, formed by the union of the 
chalk with a fiery substance. 

In limestone and chalk districts you may have seen kilns in 
which quicklime is obtained by heating the stone with a little 


1 Use powdered calc-spar, or precipitated chalk, B.P., dried at roo®, 
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coal. The change can, however, be brought about by heat 
alone. 

Expr. 2. To show that Chalk is changed by Heat 
Alone.—(a) Damp a slip of red litmus paper. Let a little 
chalk dust fall upon it. The colour is unchanged. 

(6) Heat strongly a little chalk dust on platinum foil with 
the Bunsen flame. Then drop it on the damp test-paper. The 
colour goes blue where the heated chalk has touched it. Then 
the chalk dust has, in part at any rate, been converted into 
quicklime. 

It had apparently occurred to no one before the time of 
Black to really examine what changes were effected ; no one had > 
thought of wecghing the chalk before and after it was heated. 

Expt. 3. To find the Weight of Quicklime obtained 
from 100 Grams of Chalk by Heat.—Weigh a small 
porcelain crucible. Weigh into it accurately about one gram 
of pure chalk. Place it in a muffle furnace,! and heat strongly 
for half an hour. Remove the crucible from the furnace. Allow 
it to cool. Weigh. Reheat for ten minutes and re-weigh, and 
so on till there is no further change in weight. Here is the 
result of an actual experiment :— 


Weight of crucible... ... Viaje wry) oe Ge ee ce 
Weight of crucible nnd challe> 0. eee Ly Pee 
Wegivobtalk .. .) “2a 2... -) oe 
Weight of crucible and lime, heated 30 mins. ... ... ... I4°I9 ,, 
- " ” 5 30 + 10 Mins .., . as, E4NO 4s 
we 4 30+ 10+ 10mins.... 14°10 ,, 
, Weight bt lime® = = 14°10 — 13°42, or 0°68 gm. 
0°68 
= Sip, * 100 or 56°2 per cent. 


Pure chalk is always found to lose about 44 per cent. in weight, 
when ignited (z.e. strongly heated). Thus, instead of gaining 
anything from the fire, the chalk loses the same amount as 
when treated with an acid. It appears, therefore, from these 
experiments that the carbonic acid which is expelled from chalk 


1 Fletcher's Reverberatory Gas Furnace, 23H, is suitable for class work. A number 
of crucibles can be heated init at the same time. If not available, a foot-blowpipe will 
give excellent results, 

2 The hme may be kept for Experiment 6. 
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and an acid is also driven off by heat, when chalk is converted 
into quicklime. It is therefore clear that in the former case the 
carbonic acid comes from the chalk. 

If this is so, when acid is added to the quicklime there will 
be no effervescence. 

Expt. 4. To try whether Quicklime contains Car- 
bonic Acid.—Drop hydrochloric acid on to a fragment of 
freshly burnt quicklime in a test-tube. The drops hiss as they 
touch the lime. Cover the lime with more acid. The liquid soon 
becomes hot and bubbles. Are the bubbles steam or gas? Cool 
the tube by plunging it into cold water. The bubbling stops. 
Try the experiment again using weak instead of strong acid. 
The mixture gets warm—not so hot as before, and there are 
no bubbles. The bubbles seem to have been steam, not gas ; the 
mixture, then, did not effervesce, but boiled. Notice that the 
lime is gradually dissolved by the acid. . bah aah 

Quicklime, then, is chalk which has been: deprived of its 
carbonic acid. (ea 


CONCLUSION FROM THE ANALYSIS OF CHALK— 


Now, 100 grams chalk lose on solution in acid 44 grams in weight, 
and at the same time carbonic acid is evolved. 
100 grams chalk lose on ignition 44 grams in weight. 
100 grams chalk yield on ignition 56 grams quicklime, which 
contains no carbonic acid. 
But 44 + 56 = 100. 
Therefore, there seems good reason to believe that 


chalk = lime + carbonic acid gas,! 


nothing more and nothing less. 


The Properties of Quicklime and of Slaked Lime:— 
Preparation of Pure Quicklime.—We shall find presently 
that quicklime deteriorates when exposed to the air. On this 
account quicklime, when not fresh, should be reburnt before 
experimenting with it. 

Put some lumps of quicklime into the middle of a hot coal fire. 
Leave them there red-hot for several hours. Then remove them. 


1 The sign = means ‘‘ yields” or “gives.” It has not the same meaning as in 
algebra and chemical equations (unlike algebraic equations) read only from left to 
tight, 
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To test the purity of the lime add water and hydrochloric acid. 
There should be no effervescence. 

Place the rest in tin boxes with closely fitting lids, for future 
use. - Seal with paraffin. Even then the quicklime should be 
reburnt before any exact experiment. The lightest pieces are 
generally the best.. Heavy and:stony pieces should be rejected. 

Expt. 5. To Slake Quicklime.—It has long been known 
that water hasan action upon quicklime. Place a lump of 
quicklime upon a plate. Pour a little water over it. Observe 
that it presently crumbles up: much heat is evolved, for steam 
is produced.’ The quicklime is said to be s/aked, or converted 
into-slaked lime. What has occurred? Suppose we ask the: 
balance. 

Expt. 6. Is Slaked Lime Quicklime + Water ?—Take 
a small crucible. Weigh it. Introduce about 2 grams of good 
fresh quicklime. Weigh. Carefully moisten it with about 1°5 c.c. 
of distilled water. Place the crucible ina steam-jacketed oven, 
or in an oven kept at 100° C., for an hour, to evaporate excess 
of water. Weigh. Reheat at 100°, and reweigh, till no further 
decrease in weight occurs. In an actual experiment— 


Weight of crucible . th dap) Sank. Cenk age es en 
Weight of crucible and quicldlime Mrmr oy 6k es 
AWC OF GUICKNAE Cn. one uak oska | ea ee 
Weight of crucible and slaked lime... ... ... 14°23 45 
i “ - (re-dried) ... 14°23 55 
Gain in weight of slaked lime = 0°22 gm. 
0°22 


> ” ” 0°68 xX 100 or 32'°3 per cent. 


II 


Then, when quicklime is slaked with water, it ga7ms in weight. 

When good quicklime is carefully slaked, there is always 
found a gain in weight of about 32 per cent. This must be due 
to water uniting with the quickhme. 


Hence, 
Quicklime + water = slaked lime. 


We found some time ago that slaked lime is slightly soluble 
in water. But we have not obtained as yet an answer to the 
following question. 


poe pa - » Ya or ee ee ere 
ote eee ee A * 
Ws “a \ Y 


p. IV A RESEARCH ON CHALK 145 
A |e SRRRRIIIRIER ceaings« —- -eer seciomimmera een o acan eee 
. Expr. 7. Can Slaked Lime be entirely dissolved in a 
Large Quantity of Water ?—Why does not the white mud 
_ of slaked lime entirely dissolve in water? Is the mud which 
_, settles something different from the lime which dissolves—z.e. 
is the lime impure? Does it need heat, or shaking, or longer 
time? Try the experiment again, giving the lime every chance. 
Choose a good piece of lime—one which feels light—or one of 
the lime cylinders used for the lime-light. Burn it in a coal fire, 
and when still fresh take 2o¢ more than o° 5 gram. Haveat least 
500 c.c. of freshly boiled astiZ/ed water ready in a flask. Slake 
the lime with a few c.c. of boiling hot distilled water. Throw the 
mixture at once into the flask of hot water. Shake. 

Black tried this experiment, and found that the whole of the 
lime dissolved with the exception of a very small amount of 
sediment. This, as Black observed, was probably due to the 
accidental admixture of a little foreign matter. __ | 

Is Quicklime an Element ?—Is quicklime an elementary 
substance, 7.2, an element? So far as our present study of 
the subject goes, and so far as Black knew, it is an elemcnt, for 
we do not know how to break it up into different substances. 
But observe that this does not prove that it is really an element. 
Indeed, quicklime resembles magnesia (z.c. oxide of magnesium) 
in appearance and properties. Both are infusible, white, earth- 
like substances ; and magnesia can be obtained from another 
white substance, “‘ magnesia alba,” in just the same way as quick- 
lime from chalk. Up to the time of Black, these substances 
were frequently confused with one another. We know now that 
magnesia is really an oxide of the metal magnesium. It is 
possible, then, that further study or research may prove quick- 
lime to be an oxdde of a metal. 


THE SYNTHESIS OR PREPARATION OF 
CHALK FROM LIME.—We have shown by analysis that 
chalk is a compound of lime and carbonic acid gas. Can wenot, 
then, perhaps produce chalk by uniting carbonic acid with lime? 

Expr. 8. To find whether Chalk can be formed from 
_ Lime and Carbonic Acid.— Powder some quicklime. To 
__ Part of the powder add water, and then hydrochloric acid. If jt 
_ does not effervesce, it is free from chalk, and will do for this 
‘experiment. 
ce VOL. if J 


+, 
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(1) Weigh a small dry flask. Introduce about I gram of 
quicklime. Weigh. Lead into the centre of the flask a current 
of dry carbonic acid gas, drying the gas by bubbling it through 
some strong sulphuric acid in another flask. After 10 minutes 
remove the flask, suck out the gas, and weigh. Is there any 
change in weight? Probably little or none. Add acid: 
there is no effervescence. Hence, no chalk has been formed. 

(2) Place about 1 gram of the quicklime in a test-tube Half 
fill the tube with water. Bubble carbonic acid gas up through 
the milky liquid for a few minutes. Pour the whole of the con- 
tents of the tube upon a filter. Wash two or three times with 


water. Drop 2 or 3 drops of hydrochloric acid on to the white 


substance on the paper. It effervesces violently. Then chalk 
has probably been formed. 

*(3) How could it be proved beyond any doubt that it is chalk, 
and not anything else containing carbonic acid, which has been 
formed? Would it not be well to find whether the product 
contains the same percentage of carbonic acid that we know to 
be present in chalk? Proceed thus. Grind up a little quick- 
lime with water, and pour off the milky liquid into a flask, and 
pass in carbonic acid gas for at least half an hour. Boil for a 
few minutes. Filter. Dry the filter-paper with the precipitate 
in a steam oven at 100. Heat some of the dry substance in 
a crucible as in Experiment 3, and find the percentage loss of 
weight. It is nearly 44 per cent. 

The above experiments show that water must be present if 
chalk is to result from lime and carbonic acid gas. Does chalk 
then contain watet? No, the fact that the loss in weight of 
chalk when acted on by aqueous acid is the same as that incurred 
when strongly heated makes it certain that chalk does not con- 
tain water. We must, however, suppose that water is in some 
way necessary for the union of lime and carbonic acid gas, though 
the water doés not itself enter into combination. 

We have, then, succeeded in forming chalk by putting together 
lime and carbonic acid gas. Expressed briefly, in addition to 
the previous conclusion that 


Chalk = lime + carbonic acid, 


we have now shown that 


Carbonic acid gas + lime = chalk. 
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_ This is another instance of what is called a synthests, or 
placing together. It affords most important additional evidence 
of the nature of chalk, and confirms the conclusion we had 
arrived at from the avalyszs of chalk. 

Carbonates.—Chalk, as a substance produced from ‘the 
alkali lime and from the acid carbonic acid, may clearly be 
regarded as a sa/¢ (cf. Vol. I. p. 167). And just as salts formed 
from nitric acid are called nitrates, so salts derived from carbonic 
acid are called carbonates. Chalk may therefore be called 
“carbonate of lime.” Any other substance which evolves car- 
bonic acid gas on addition of an acid is called a carbonate ; 
soda crystals, for example, may be termed a carbonate of soda. 


The last experiment renders it extremely probable that it is 
chalk which is produced when carbonic acid is passed through 
clear lime water. (Sze p. 7, Problem 1). | 

Expt. 9. The Lime Water Test for Carbonic Acid. — 
Pour a little lime water into a jar containing carbonic acid gas. 
Shake. It becomes milky. A slight precipitate forms. Show 
that it is chalk. : 

Clear lime water, as we found previously, may be used as a 
delicate test for carbonic acid. We now understand that the 
lime water is rendered milky because cha/# is at once formed, 
which is insoluble in water. One drop of lime water is often 
enough. For example :— 

Expt. 10. To show that Carbonic Acid is given off 
when Chalk is heated.— Place a few grams of chalk ina hard 
glass test-tube. Heat the tube in the foot blow-pipe flame. Dip 
a glass rod into lime water. One drop of lime water hangs at 
the end of the rod. Carefully lower the drop into the test-tube, 
so that it does not touch the sides. Withdrawthe rod. Examine 
the drop against a dark background. It has become cloudy. 

We have already noticed that when lime water is exposed to 
the open air a pellide or crust forms upon its surface (see p. 8, 4). 
As Black said in 1755 :— 

“If this fluid be exposed to the open air, the particles of 
quicklime which are nearest the surface, gradually attract the 
particles of Fixed Air which float in the atmosphere. But at 
the same time that a particle of lime is thus saturated with alr, 
it is also restored to its native state of mildness and of insolubility, 

: La 
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and as the whole of this change must happen at the surface, the 
whole of the lime is successively collected there, under its original 
form of an insipid calcareous earth, called the cream or crust of 
lime water.” 

Carbonic acid gas can always be found by this test in the 
atmosphere, though usually only in very small quantities 
(cf. p. 8). 


Can chalk be prepared from lime in any other way? Now, 
soda crystals (mild alkali) contains carbonic acid (see p. 9, Prob- 
lem 1). What then may the effect be of adding quicklime to a 
solution of soda crystals? May not the lime recover carbonic 
acid from the soda? This is a question Black asked himself. We 
miay answer it by experiment, as he did. 

Expt. 11. To find whether Chalk can be re-formed 
from Lime by means of Soda Crystals.—(1) Weigh out 
about 7 grams of soda crystals. Dissolve the soda in about 60 
c.c. water. Filter the solution into a flask. Powder finely about 
I gram of pure quicklime. Throw the quicklime into the solution 
of soda. Warm and shake well. Pour the product on toa filter- 
paper. Wash the “precipitate” on the paper repeatedly with 
hot water, so as to free it completely fromthe soda. Pour a few 
drops of acid on to the paper. There is a violent effervescence. 
The precipitate contains, therefore, ordinary chalk. Then the 
carbonic acid which the lime has gained must have been furnished 
by the soda crystals.! 

(2) Dissolve a few soda crystals in a little water, and add the 
solution to some clear lime water. The clear solution becomes 
milky. Why? Because a precipitate is formed, which if col- 
lected in sufficient quantity may be shown to be chalk. Why is 
the precipitate so small in quantity ? 

*ExptT. 12. To find the Weight of Chalk obtained 
from 56 Grams of Quicklime dissolved in Acid.— 
Weigh out accurately into a flask 1°5 to 2 grams of pure quick- 
line. (From what quantity of chalk could it be obtained?) Add 
water and hydrochloric acid. If there is no effervescence, it 
proves that the lime is free from gas. If there is any effer- 
vescence, then any gas contained as an impurity in the lime is 

1 Advanced students may determine the quantity of chalk produced by this means 


from a weighed quantity of quicklime. The precipitate should be dried in an oven 


at too’. ‘ 
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got rid of. The lime will dissolve on warming. If it does not 
all disappear, add a little more acid. The solution now contains 
excess of acid. Add to it a clear solution of soda crystals. 
There is an effervescence. (Wey?) Thena precipitate forms. 
_ But on shaking, this precipitate disappears with effer- 
__vescence. (Why?) After adding still more soda the effervescence 
stops (why ?), and the precipitate remains undissolved. Go on 
adding more soda until no more precipitate forms. To know 
when there is enough soda, filter a little of the liquor containing 
the precipitate through a counterpoised filter-paper. Add soda 
to the filtrate. If there is no precipitate, then the soda is already 
in excess. 

The precipitate must now be obtained clean from the soda, 
hydrochloric acid, and other substances which may be present. 
Heat the liquid until it 4077s. The precipitate clots and settles. 
Pour the liquid on to the filter used before. Wash the precipi- 
tate again with hot water, and pour the washings on to the 
filter. Pour the precipitate on to the filter. Goon washing it 
with hot water, until it is quite free from soda or other dissolved 
_ substances. Put one drop of the filtrate as it drips from the 
_ funnel on to platinum foil and evaporate. If it leaves a white 
3 mark, the precipitate is not yet clean, and must be washed with 
more water. 

Dry completely the filter-paper with the chalk in the funnel at 
100° in an oven. Carefully place the paper with the chalk on 
__ the pan of the balance, place the counterpoise of the filter on the 
other pan, and weigh again. Find the weight of the chalk alone. 
Hence, calculate the weight of chalk obtained from 56 grams of 
_ quicklime. Compare your results with those obtained in 
Experiment 3. 


Expt. 13. An Attempt to recover Lime from its 
Solution in Acid.—Lime dissolves in acid. Chalk when 
_ dissolved in acid loses carbonic acid gas. Can we recover the 
_ lime by evaporating the acid? 

Leave about 2 grams chalk soaking in hydrochloric acid so 
_ that most of the chalk (but not quite all) is dissolved. Filter 
_ the liquid. Evaporate in a porceiain basin to dryness. 

Is the solid white substance lime? Try whether a portion 
forms lime water with water. No! It dissolves much more 
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readily. Is the solution alkaline? No! Notice that the solid 
soon becomes sticky and moist if left exposed to the air. Evi- 
dently it has the power of attracting moisture from the air. 

This new substance is called ‘‘caleium chloride.” Its 
most remarkable property is the readiness with which it picks 
up moisture. Hence, it is a useful substance for drying gases 
which may be passed over it, and indeed it has already been 
employed for this purpose (cf. p. 74, Expt. 11; p. 91, Expt. 4; 
p. 104, Expt. 4). 

Thus, lime, which has been 


cannot be recovered by eva- 
poration of the solution. On the 
contrary, we obtain a substance 
which is very different in its 
properties from both the alkali 
lime and hydrochloric acid. 
It will be shown later that it 
belongs to the class of sub- 
stances called sad¢s. 


The Volume of Gas ex- 
pelled from Chalk. — We 
have found that a definite quan- 
tity of chalk loses, on ignition 
or on solution in acids, a fixed 
weight of carbonic acid gas. 
Hence, a fixed volume of the 

Fic. 60. gas should be obtained from a 
definite quantity of chalk. 

Expt. 14.1 To find the Volume in c.c. of Carbonic 
Acid Gas expelled from 1 Gram Chalk by Hydro- 
chloric Acid.—Weigh out carefully about 025 gram of 
chalk upon a piece of paper ; fold this loosely, and introduce it 
into a 2 oz. flask, a Add about 5 c.c. of water. Carefully in- 
troduce a small glass tube containing about 5 c.c. of dilute 
hydrochloric acid suspended by a thread ; close the flask with a 
tightly-fitting india-rubber stopper, through which is passed a 
glass tube connected with two feet of thin rubber tubing. Then 


1 Lecture Table Experiment. 


dissolved in hydrochloric acid, - 


* « 
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: attach the free end (Fig. 60) of the tubing to a pair of Hempel’s 


_ burettes filled with water! Place the burette de at a lower level 


Hence, 


- than the other, and then open the clamp 4. Tilt the flask so 
that the acid is brought into contact with the chalk. Carbonic 
acid is immediately evolved and forces the water down the tube 
_ 6c. If the flask is gently shaken, the chalk will entirely dissolve. 

Finally raise the burette de until the water stands at the same 
level in both columns. Read off the volume of air or gas in 
_ %, and calculate the volume of carbonic acid which 100 grams 
_ Of chalk would evolve. In an experiment :— 


0°25 gm. chalk evolved 55 c.c. carbonic acid. 


I Pr $9 220 c.c. ay 


The experiment should be repeated several Bee: It is found 
that at 15° C. about 220 c.c. of carbonic acid aré always obtained 


4s from 1 gram of chalk. 


PROBLEM 


Fit up the apparatus shown in Fig. 32. Find how to use it so as 


_ to measure the volume of carbonic acid gas expelled from chalk when 


_ dissolved in dilute hydrochloric acid. Take about 1 gram of chalk. 
Is there any source of error ? 


CHALK AND THE HARDNESS OF WATER. 
—We observed some time ago that a “soft” water is rendered 
“hard” if shaken with chalk, and that spring waters in chalk 
districts are usually very hard (cf. Vol. I. p. 125). Let us examine 
this further, and attempt to obtain a hard water by passing 
_ Carbonic acid gas into lime water, when, as we have found, 
_ chalk will be formed (see Experiment 9). 

Expr. 15. To pass Carbonic Acid Gas into Lime 
Water.—Place about 200 c.c. of clear lime water ina flask, and 
bubble carbonic acid gas into it ; the solution of course becomes 
milky, through the formation of carbonate of lime, z.c. chalk. But 
as the current of gas is continued, the white liquid unexpectedly 

I This consists of a graduated glass tube, 4% connected at’ its lower end by a 
rubber tube with another glass tube, ¢e (Fig. 60), open at both ends. The tube 
& is narrowed at its upper end, and to it can be connected a piece of rubber tubing, 


on which is placed a clip, 4. Open the clip 4, and pour water into d@ until it flows out 
m 4; then close the clip, and pour a little water out of the tube de. 
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becomes perfectly clear again. Howcan this be? Is the chalk 
destroyed, or is it simply dissolved? Let us examine the clear 
liquid which has been produced. 

Expt. 16. To try the Effect of heating the Clear 
Solution.—Heat some of the solution in a clean test-tube, and 
watch the solution closely. Hundreds of minute bubbles of gas 
rise to the surface, and the solution gradually becomes milky 
once more. Is the milkiness due to the appearance of lime or 
of carbonate of lime, z.c. chalk? Try: it is chalk. 

Why has this chalk appeared in what was a clear solution ? 
Scarcely owing to concentration of the solution, for very little — 
water has been evaporated. Or is chalk less soluble in hot than 
in cold water? If so, the milky solution when cooled should 
become clear again. Try: the solution remains milky. 

Recall the chief facts observed : firstly, when carbonic acid gas 
was bubbled through lime water, a milkiness at once appeared, 
due to the formation of chalk, which soon disappeared as the 
current of gas continued ; and secondly, when the resulting clear 
solution was boiled, little bubbles of escaping gas were observed, 
and chalk reappeared. The disappearance of the chalk must 
clearly be connected with the solution of carbonic acid gas in 
the liquid. In other words, chalk will only dissolve in water if 
the water has also dissolved carbonic acid gas. 

Expr. 17. To try the ‘‘Hardness” of the Solution. 
—If we have correctly accounted for the facts observed, the clear 
solution prepared in Experiment 15 should be very “hard,” 
and it should be greatly softened through being boiled. 

(1) Find the number of c.c. of soap solution necessary to 
yield a permanent lather with 50 c.c. of the clear solution pre- 
pared in Experiment 15. Proceed as in Vol. I. p. 124, Expt. 8. 

The solution is found to be extremely hard. 

Natural waters always contain carbonic acid gas in solution, 
derived from the atmosphere or from the soil, where it is 
constantly being formed from decaying vegetable matter. Con- 
sequently it is found that limestone strata are gradually eaten 
away into holes and caves, and that spring and river waters in 
chalk and limestone districts are very hard. 

(2) Boil about 70 c.c. of the clear solution prepared in Experi- 
ment 15, for about five minutes, so as to throw out of solution or 
“ precipitate ” the dissolved carbonate of lime. Then filter, and 
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_ test the hardness of 50 c.c. of the clear filtrate. Do you find 
_ the water much softer ? 

In an experiment— 


50 c.c. clear solution, unboiled, took 41 c.c. soap solution. 

+ a a boiled, Sea BO. Coa: me 
_ Expr. 18. To try the Effect of adding Lime Water 
_ to the Clear Solution.—What visible effect js likely? Try 
_ adding some clear lime water to some of the solution of carbonate 
_ of lime prepared in Experiment 15. A white precipitate is at 
- once formed. What has happened? The lime in the lime water 
_ has united with the dissolved carbonic acid, forming fresh car- 
_ bonate of lime, and this has appeared as a white precipitate 
_ along with the carbonate of lime previously in solution, which 
' can no longer remain dissolved when the carbonic acid is re- 
' moved. If the proper amount of lime water is added, and the 
precipitated carbonate of lime removed, the hardness is, of course, 
greatly diminished. Indeed, on these facts is based Clarke’s 
Process for softening hard waters. 

Besides carbonate of lime, there is another substance—car- 
| bonate of magnesia—which is also dissolved by water containing 
_ dissolved carbonic acid gas; it also is precipitated when the 
solution is boiled or when lime is added to it. Hard waters 
_ which can be softened in either of these Ways are said to possess 
_ temporary hardness. : 

On the other hand, there are some substances, particularly 

gypsum and Epsom salts (sulphates of lime and magnesia), also 
_ rendering waters hard, which are not precipitated either by boil- 
_ ing or by adding lime. The hardness of such waters is called 
_ permanent hardness. Such hardness can, however, be 
removed by distillation, or by the use of soda crystals (see 
Vol. I. p. 126). 
When a water which contains carbonate of lime in solution is 
__ €xposed to the air, much of its dissolved gas gradually escapes, 
_ and the dissolved carbonate of lime is therefore thrown out of 
solution. It is through this action that objects are petrified at 
Knaresborough, and sfa/actites are formed from the roofs of 
_ Caverns, as in Clapham Cove, and as may often be observed 
_ from the vaulted roofs of bridges. 


* 


~ 
* 
~ 
~ 


. 
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THE COMPOSITION OF WASHING SODA 
(SODA CRYSTALS).—We have already found that wash- 
ing soda (soda crystals) contain water of crystallisation and 
carbonic acid. 

We have also found that chalk is precipitated when lime is 
mixed with a solution of washing soda, z.c. of “mild alkali,” as 
Black called it (see Experiment 11). When chalk is produced 
in this way, carbonic acid is transferred from the washing soda 
to the lime. What is left of the washing soda? It was stated 
in Vol. I. p. 159, that the substance called “ caustic soda” could 
be prepared by these means. But until we have ourselves pre- 
pared it, suppose we call this other constituent of the washing 
soda X. Then :— 


Washing soda = X + carbonic acid. 


Then we can also express the change which occurs when lime 
is mixed with a solution of washing soda thus :— 


Lime + washing soda = chalk + X. 
#2: 
Lime + (X + carbonic acid) = (lime + carbonic acid) + X, 
This is a chemical equation. What we require to do is to 
obtain the substance X. ; 


Expt. 19. To obtain the Other Constituent of 
Washing Soda.—Weigh out about 1o grams of quicklime. 
Slake it with boiling water. Then stir it up with more water so 
as to form a milky liquid of about 50 c.c. volume. Dissolve 
about Io grams washing soda in 50 c.c. hot water. Add the 
solution to the milky liquid, stirring at the same time. Boil for 
ten minutes, and replace from time to time the water which 
evaporates. The white mud may be lime changed to chalk, or 
it may be partly lime and partly chalk. We must keep in mind 
that besides the visible mud there may be other substances 
present in solution. ‘Washing soda may be in solution ; lime 
may be in solution, The substance X may be either in the 
solution or in the mud. Is it likely that both washing soda and 
lime are in solution together? No, since their solutions yield a 
precipitate when mixed (see Experiment 11). 

Let us find whether the solution contains any washing soda. 
Remove the flame. The mud begins to settle. Filter a few 
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drops of the liquid. Add a drop of hydrochloric acid to the 
filtrate. It does not effervesce. Then there is no washing soda 
in the solution. (If there is any effervescence the liquid must 
be boiled longer.) The precipitate is so bulky, that it will hardly 
separate from the liquid. Pour both into a tall jar. Add an 
equal volume of water. This dilutes the solution. But on 
settling the precipitate occupies relatively less room, and allows 
the greater part of the solution or lye to be withdrawn as a clear 
liquid. 

Expt. 20. The Lye is Caustic.—Place some of the lye 
in a smooth-surfaced porcelain crucible or basin. Evaporate 
by heating the crucible on a sand-bath, surrounding it well with 
the sand. Cool. It solidifies as a white mass. Re-dissolve in 
water and wash out the basin. Observe that its inner surface is 
corroded. As Black said, “ The acrimony of the lye is so great, 
that having once evaporated a part in a bowl of English earthen 
or stone ware .... it corroded and dissolved a part of the bowl, . 
and left the inside of it pitted with small holes.” On this 
account it is customary to evaporate the lye, when desired, in a 
silver or iron! dish, which are found to remain unattacked. 

If a little of the lye is placed upon the skin, it will quickly raise 
a blister. On account of these properties it was called by 
Black and others “ caustic alkali,” in distinction from “ mild 
alkali” (washing soda). It is now called ‘‘ caustic soda.” 
Have we proved that X is caustic soda alone? 


When mild alkali (washing soda) is added in sufficient amount 
to lime dissolved in hydrochloric acid, chalk is precipitated, 
as Experiment 12 showed. What will be the result of using 
caustic alkali in place of the mild alkali? Chalk cannot be 
formed. Why not? But the caustic alkali will neutralise the 
acid in which the lime is dissolved. Then perhaps the lime 
will be precipitated? Try. 

Expt. 21. To find whether Lime is precipitated 
when Caustic Alkali is added to Lime dissolved in 
Hydrochloric Acid.—Place about 1 gram of pure quicklime 
mn a flask. Add water and hydrochloric acid. Warm till the 
lime is dissolved. Add a clear solution of caustic soda. A white 
precipitate is formed. Add the caustic soda until no further 


1 Platinum or aluminium dishes must not be used, 
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precipitate is formed. Heat until the liquid boils. Wash by 
decantation, and then pour the contents on to a filter-paper, as 
in Experiment 12. Wash thoroughly with hot water, to free it 
from caustic soda. Dry it at 100° in an oven. Examine the 
product. Lavoisier performed this experiment, and wrote :— 

“This earth was a true lime; it dissolved in water, in the 
same proportion as lime. The lime water prepared with it 
threw up a cream of chalk on its surface ; it made scarcely any 
effervescence with acids ; it communicated causticity to alkalies ; 
in short, no difference could be perceived between this and real 
lime prepared by calcination.” 


Summary.—The results of our study show that quicklime 
and caustic soda are less composite substances than chalk and 
washing soda. Yet the very reverse was supposed to be the 
case before the work of Black, which we have been closely 
. following. For the acrimony of the caustic substances was 
supposed to be due to the presence of a fiery substance, absent 
from the mild substances. Black sums up the matter thus: 
“If quicklime be mixed with a dissolved mild alkali, it shows 
an attraction for Fixed Air superior to that of the alkali. It 
robs this salt of the air, and thereby becomes mild itself; while 
the alkali is thereby rendered more corrosive” ; or, as we should 
say, 


Lime + Washing Soda = Chalk + Caustic Soda. 


PROBLEMS 


I. Are the substances X, Y, Z, chalk or lime, or both or neither ? 

2. Invent a substitute for the Hempel burette, using the ordinary 
apparatus of the laboratory. 

3. Find whether there is any loss in weight when the given sample 
of quicklime is dissolved in hydrochloric acid. If there is a loss in 
weight, what inference do you make ? 

4. Find whether lime can be made by heating chalk in an ordinary 
coal fire. 

5. What weight of slaked lime can be dissolved by a litre of water ? 

6. Find the percentage loss of weight when the given sample of dry 
slaked lime is strongly heated. 
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7. Find whether the given sample of dry slaked lime contains any 
earbonate of lime, and if so, how much ? 
8. Find whether the given sample of ‘‘ quicklime ” contains (a) any 
slaked lime, (4) any quicklime, (c) any carbonate of lime. 
9. Find the effect of adding lime water to water saturated with 
carbonic acid gas and reddened by litmus. 
10, Find whether carbonic acid gas can be driven out of soda crystals 
by heat. 
11. Find what has occurred when clear crystals of washing soda have 
turned white through exposure in the air. 
~ 12. Find whether you can recover caustic soda from its solution. in 
hydrochloric acid. 
13. Find whether the given sample of caustic soda contains (a) any 
carbonate of soda, (4) any lime. 
14. You are provided with some caustic alkali (caustic soda), En- 
deavour to prepare some mild alkali (washing soda) from it. . 
15. Find whether a solution of bicarbonate of soda is changed by 
being boiled. Is any carbonic acid gas given off? 
16. Find in the case of (a) crystals of washing soda, (6) carbonate of © 
magnesia, (¢) carbonate of copper :— 
(i) The percentage loss in weight when treated with hydro- 
chloric acid. 
(ii) The percentage loss in Weight when strongly heated. 
(iii) The effect of hydrochloric acid upon the substances obtained 
by ignition as in (ii). 
(iv) The volume of carbonic acid expelled from 1 gram cn treat- 
ment with hydrochloric acid. 
17. Find the percentage weight of carbonic acid which can be 
obtained from Dover chalk, mountain limestone, coral, oyster-shells, 
egg-shells, ; 
18. Prepare a sample of carbonate of magnesia from magnesia. ! 
19. Prepare a sample of carbonate of copper from oxide of copper. 
20. Dissolve some iron nails in hydrochloric acid. Filter from any 
undissolved matter. Find the effect of adding to the solution (a) a 
solution of washing soda, (4) a solution of caustic soda. Collect, dry, 
and examine the products. 


1 7.2. oxide of magnesium. 


CHAPTER XV 


FUELS AND FOOD-STUFFS 


IT may well be asked why Fuels and Food-stuffs should be 
classed together. What connection is there between coal and 
bread, or between a candle and beef or beans? Our answer 
will be obtained by studying the effect of heat upon them. 

Expt. 1. To find the Effect of Heat upon Bread.— 
(1) Place a small piece of dry bread in a dry test-tube, and 
heat it cautiously. A dew as of water soon appears on the 
upper and cooler part of the tube, and the bread changes 
colour, becoming yellow or brown, and at the same time heavy 
fumes are given off, which discolour the side of the tube, and 
burn if a light is applied to the mouth of the tube. Heat the 
bottom of the tube strongly. At last the fumes almost cease, 
and a black charred mass is left. Examine it. It is brittle and 
porous, and will mark paper. Is it carbon? If so, it should 
glow when strongly heated in the open air. 

(2) Heat a small piece of bread in an iron spoon.! The result 
is at first the same, and a charred residue is left, but if the 
spoon is strongly heated this begins to glow and burn away, 
leaving at last only a little grey ash. 

But, in order to prove certainly that the black’ residue is 
carbon, it will be worth while to find whether carbonic acid is 
formed when it is burnt. 

Expt. 2. To find whether the Charred Residue forms 
Carbonic Acid when burnt.—One method of trying this 
would be to heat some of the charred residue within a tube in a 


1 A small square piece of platinum foil held by a crucible tongs may be used with 
advantage, or even an inverted crucible lid. 
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current of oxygen, passing the issuing gases into lime water. 
But it will be simpler to heat the substance with some solid 
substance, such as copper oxide, which we know will, in certain 
circumstances, yield up the oxygen it contains (see p. 103, 
Experiment 3). Proceed as follows :— 

Char some bread by toasting it for a short time in an iron 
spoon. Grind a little of the charred mass with five or six times 
its weight of copper oxide, previously 
dried by heating it in a porcelain basin. 
Place the mixture in a small hard glass 
test-tube, fitted with a cork and delivery 
tube, bent once at right angles (Fig. 61). 
Clamp the tube horizontally, and let the 
delivery tube dip into a test-tube contain- 
ing some clear lime water. Heat the 
hard glass test-tube strongly with a Bun- 
sen burner. Presently, as the bubbles of 
gas pass through the lime water, it be- 
comes milky. (Take care that the lime 
water does not run back into the hot 
tube.) Finally, empty the contents of the 
tube into a porcelain basin: red particles can be seen: some 
of the black oxide of copper has been reduced to metallic copper, 
while the charred mass has been oxidised, with formation of 
carbonic acid gas. . 


This experiment proves completely that bread contains 
carbon. 


PROBLEMS 
Find whether the following contain carbon :— 
(a) Foods— 
Starch! Lean meat Oatmeal Rice 
Sugar Mutton fat Peas Hay 
Biscuit Dried egg albumen _ Beans 
(4) Fuels— 
Sawdust Coal Paper Peat 


It was discovered so long ago as the seventeenth century by 
Van Helmont that “ vegetables by the action of fire” liberate the 


1 Starch is the chief constituent of the potato, wheat-flour, and rice. 
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gas which we now call carbonic acid gas, but he called it simply 
“ gas,” and knew nothing about its composition. 

The fact that all the fuels in the above list, and they are all 
solid fuels, are proved to contain carbon, suggests that guid 
fuels may also contain it. We may conveniently test liquid 
fuels in the following way. 

Expt. 3. To find whether Alcohol contains Carbon. 
—Takea clean dry gas jar, and a clean deflagrating spoon. Place 
a few drops of alcohol in the cup, light it, and introduce into 
the jar. A dew is deposited on the sides, and soon the flame 
dies down. Remove the spoon, and pour in some clear lime 
water and shake. It at once becomes milky, and it is therefore 
proved that alcohol also contains carbon. 


PROBLEMS 
Find whether the following contain carbon :— 
Benzene Ether A wax candle Coal gas 
Olive oil Naphtha __ A tallow candle 


It may be remarked that Dr. Priestley, about 1772, first 
discovered that the gas we call carbonic acid gas resulted when 
candles, spirits of wine (z.e. alcohol), and ether were burned in a 
confined volume of air. He, in the language of the day, called 
the gas Fixed Air, but he could not see the importance of his 
discovery. 

Every one of the substances we have examined is either a food- 
stuff or a fuel. The materials of some are formed by the 
processes of animal life, those of others by the action of 
vegetable life, and on these grounds they are often termed 
organic ! substances. 

But we have found that all these diverse substances have this 
at least in common, that they all contain carbon—they are 
all built up on a basis of carbon. And it is mainly because 
foods contain carbon that they have been found to be combus- 
tible ; they are therefore fuels, though they are too valuable to be 
used as fuels. It is evident, moreover, that carbon is one of 
the most common and most important of all elements, since 

1 Greek, organon, an instrument, or that which works, “™ An organ is a part of a 


living body—the structure which fits it for the performance of some special action, 
which is called its function” (Huxley). 
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_ some kind of fuel or of food is being slowly formed almost 


_ everywhere on the surface of our earth through the action of 
_ the vital processes of animals and vegetables. 


When dry bread was heated in a test-tube, a liquid like water 
__ Was deposited on the upper part of the tube, and when alcohol 
_ Was burnt in a gas jar a dew was deposited. The same observa- 
_ tion may be made with other fuels and food:stuffs. Is the liquid 
_ water? If so, these substances must contain hydrogen. 
_ Expr. 4. To find whether Sugar contains Hydrogen. 
_ —Place some dry sugar! in a dry test-tube, and fit it with a 
delivery tube as in Experiment 2, dipping into a dry test-tube. 
_ Heat the sugar very gently, until a few drops of clear liquid are 
_ obtained. Find its boiling-point and freezing-point, proceeding 
_ as in Experiment 5, p. 92. It is proved to be water. Sugar, 
_ therefore, contains hydrogen, as well as carbon. 
A sufficient quantity of the liquid formed when alcohol is 
_ burnt can be easily obtained by burning the alcohol in a small 
_ “spirit” lamp, fitted with an asbestos 2 wick, under a cold 


_ Surface, as in Experiment 4, p. 91, and it can be proved to be 
_. water. 


PROBLEMS 
Find whether the following contain hydrogen :— 
Starch * Egg albumen Paraffin oil 
Flour Coal gas A candle 


Many Organic Substances also contain Oxygen.— 
All food-stuffs and some fuels, when heated in absence of air or 
_ of any source of oxygen, liberate water ; sugar and starch, for 
- example, do. It follows that they contain oxygen as well as 
_ carbon and hydrogen. 

Accurate experiments show that when sugar or starch are 
completely burnt, only carbonic acid gas and water are produced, 
_ 4nd it follows that they contain no other elements besides carbon, 
and the elements of water, viz., hydrogen and oxygen. Moreover, 
if sugar or starch are completely burnt, and arrangements are 


1 Fine sugar may be dried in an air oven at 100° 


: 2 To avoid the objection that the hydrogen might be derived from the combustible 
_ €otton wick. 


3 It may be necessary to mix some of these with dry copper oxide. 
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made to catch and weigh! the carbonic acid and water which 
are produced, it is possible to calculate the percentage of carbon, 
hydrogen, and oxygen in the sugar or starch, and it is found that 
the hydrogen and oxygen are contained in the ratio in which 
they are present in water. On this account sugar and starch 
are called carbohydrates (carbon, and Gk., hudor, water). 
Other representatives of this class are the gwms and cellulose? 
which is the chief constituent of cotton and paper. 

A Further Comparison between Fuels and Food- 
stuffs.—If the common presence of carbon is the only con- 
nection between fuels and foods, we might as truly compare 
fuels and clothing materials. But there are other reasons for 
treating them together. These are to be found in the uses to 
which they are put. 

Writers have often compared the action of the body with 
that of a locomotive, and the analogy is so true in many 
respects, that we may well follow their example. When the 
locomotive is doing work by drawing a train, the stoker finds 
it necessary to feed the boiler fire with constant supplies of 
coal, and while the coal burns, in other words while its con- 
stituents combine with oxygen, a great amount of heat is evolved ; 
this is transmitted to the boiler, and turns large quantities of 
water into steam. The steam kept under pressure escapes 
periodically through a valve into the cylinder, forcing the piston 
out and thus providing the energy required for turning the 
wheels and pulling the heavy train along. The waste products 
of the furnace are partly belched forth from the funnel in the 
shape of steam, carbon dioxide, and unburnt soot, and are 
partly raked out as clinker, or furnace ash. 

Compare this with the progress of food through the body. 

During our waking moments we “stoke” our bodies with 
regular supplies of food. The food passes through slow and com- 
plicated processes, but the final result is that, after assimilation 
in the body, the greater part of the food is really burnt up, ze. 
oxidised, forming carbonic acid or water, and heat is given out 
in the process, keeping up the temperature of the body, and 
the chemical changes involved supply energy for the life 

1 The water vapour can be caught by passing the gases through a tube containin 
calcium chloride, and the carbonic acid by leading the gases through a vesse 


containing a strong solution of caustic potash. 
2 Cotton-wool is practically pure cellulose. 


eh. 6 al 6 


FUELS AND FOOD-STUFFS 163 


Processes. In this way is the heat’ of ou 
_ the energy which is ex 
using our brains. 


So far the analogy is fairly complete—the stored-up energy 
of the food, as of the coal, is largely transformed into energy 
of movement. The locomotive smoke-stack, or funnel, partially 
represents our breathing apparatus. We exhale from the lung's 
the products of oxidised (z.e. burnt) food-stuffs, and inhale the 
necessary supply of air. (This latter function is, of Course, not 
_ common to the locomotive funnel, though air is sucked through 
the furnace.) 

Expr. 5. To show the Presence of Carbonic Acid in 
Exhaled Air.—Construct an apparatus as shown in Fig. 62 
with your smallest flasks, and place some 
clear lime water in each flask. Place 
the open end of the T piece in the 
mouth, and begin to breathe slowly. 
Owing to the arrangement of the tubes 
all the inhaled air passes through one 
bottle, all the exhaled air through the 
other. Continue the experiment for a 
few minutes. It will give conclusive 
evidence that the air breathed from the 
lungs is rich in carbonic acid. That it is also rich in water 
vapour you discovered when you first breathed on to a cold 
window-pane. That it is warmer:than the atmosphere under 
our climatic conditions is also evident. (See also p. 8.) 

We may therefore. state that food supplied to the body is 
oxidised or slowly burnt, and that some of the products which 
issue from the lungs are the same as those found in the loco- 
motive funnel. In both body and locomotive the material 
burnt must be constantly replaced. 

Respiration is a Combustion.—It was Lavoisier who 
first clearly stated that the oxygen in the air drawn into the 
lungs in the act of breathing oxidises, z.c. burns, the carbon 
which has been supplied to the body in food. In 1780 he wrote : 
“ Respiration is a combustion, slow it is true, but otherwise per- 
fectly similar to the combustion of charcoal. It takes place in 
the interior of the lung. . . . The heat developed by this com- 
bustion is communicated to the blood, . . . and is distributed 
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r bodies supplied, and 
pended in pore our muscles, and in 
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over the whole animal system.” Later he saw that the combus- 
tion of hydrogen, which is also supplied in food, takes a part in 
the production of the heat of the body. As a matter of fact, 
Lavoisier was mistaken in supposing that it is in the lungs 
themselves that the union of oxygen with carbon and hydrogen 
occurs ; not till late in the nineteenth century was it recognised 
that this combination takes place in the tissues of the body. 

The Carbonic Acid Gas in the Atmosphere.— Every 
man or woman, every animal, breathes out carbonic acid gas ; 
and since carbon is present in every fuel, this non-supporter of 
life and combustion is formed also by every coal fire, by every 
paraffin lamp, and by every coal-gas flame. And if the air of a 
room or hall is not changed, the amount of the suffocating gas 
in the air must continually increase, and at the same time the 
quantity of oxygen in the air must diminish. Such a condition 
of the air in a room will always lead to a feeling of oppression 
and exhaustion or to headache, even if more serious results do 
not follow, unless the foul air is swept away or changed by a 
proper system of ventilation. 

Then is the amount of carbonic acid gas in the free atmo- 
sphere of our earth continually increasing, and is the amount of 
oxygen continually diminishing, for countless animals are 
breathing forth carbonic acid gas, and millions of tons of fuel? 
are every year consumed? On the contrary, exact analysis 
shows that the percentage of oxygen in the open air varies very 
little, and that the amount of carbonic acid gas remains much 
the same—rarely more than o’04 per cent. What, then, becomes 
of the carbonic acid gas which is pouring into the atmosphere, 
and how is the stock of oxygen kept up? There must be some 
counterbalancing action always at work. Can you suggest what 
this may be? 


Let us now consider further, in turn, both fuels and food- 
stuffs. 

FUELS.—During the modern development of industrial 
arts the use of fuel has enormously increased. Thus the 
chemical transformation necessary to extract metals from 
their ores is largely effected by burning coal: the smelting of 
metals, the manufacture of bricks, pottery, and glass depend 


1 In 1899 Great Britain’s output of coal was 220 million tons. 
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on the intense heat of combustion of fuel: the production of 


motive power in the steam-engine is brought about by burning 


fuel. The production of steam for heating and other purposes 
in the factory also accounts for the combustion of vast 
quantities of coal. Add to these the domestic consumption ; 
think of the innumerable contrivances for heating houses by 
coal, coal-gas, wood, or peat, either directly in fire-places and 
stoves, or indirectly through the medium of hot air, hot water, 
and steam, and we have enumerated a few of the chief uses of 


fuel. 


A very early, if not the earliest, use of fire was doubtless to cook 
food. Man has been called 
the “cooking animal ”—and 
very early in his history, the 
discovery of fire and its appli- 
cation to cooking vegetable 
and animal foods gave him 
an immense advantage over 
other animals. 

Varieties of Fuels.—At 
first confined to wood, the 
choice of fuels is now a wide 
one. The raw materials, the 
various kinds of wood, coal, 
petroleum, and natural gas, 
have in part been replaced 
by its Secondary products, such as charcoal, coke, coal-gas, 
methylated spirit, and water-gas. 

Exper. 6. To find the Effect cf heating Coal 
strongly.—(1) Weigh out about 10 grams of household coal, 
broken into small lumps, and place them in a hard glass test- 
tube. Fix the tube horizontally, and connect it, as shown in 
Fig. 63, with a conical flask containing a little water. The 
mouth of the tube leading from the flask is natrowed to form 
a thick-walled jet. Heat the tube at first gently, and then 
Strongly with a Bunsen burner. When the air is expelled from 
the flask; and a smoky gas issues, apply a light to the jet. The 
fas burns with a small luminous flame. It js coal-gas. A, 
the same time a black, tarry liquid collects at the end of the 


3 tube near the cork. When no more gas is evolved, filter the 
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contents of the flask ; note the odour of the filtrate, and try its 
action on litmus paper. It is alkaline. 

(2) Crack the tube and examine the residue. It is caked 
together, hard, black, and brittle. It is coke. Place a piece 
the size of a small bean on a piece of platinum foil, and heat it 
strongly for a few minutes in a Bunsen flame until it no longer 
glows. A small grey ash is left! Place it on a watch-glass, 
and moisten it with water. Does it dissolve? Hardly at all. 
Add a few drops of dilute hydrochloric acid. Is there any 
effervescence? Little or none. What substance do you con- 
sider the ash contains ? 

The above experiment represents crudely the destructive 
distillation of coal as it is carried out on an enormous scale 
in gas retorts, the coal breaking up under the action of heat 
into coal-gas, coal-tar, ammoniacal liguor, and coke. The ex- 
periment differs from others we have tried, in the extraordinary 
complexity of the changes evolved—indeed, so varied are the 
products, that we cannot profitably study them at this point. 
To us the experiment is chiefly of interest as showing how coke 
and coal gas are produced. On the manufacturing scale, how- 
ever, the ammoniacal liquor which is formed is used for the 
preparation of ammonia salts, and from the tar is extracted 
benzene, which is then converted into aniline, the basis of the 
beautiful coal-tar dyes. 

Expt. 7. To find the Effect of heating Wood strongly. 
—(1) Clean out the flask and tubing used in Experiment 6, take 
a new hard glass test-tube, and repeat the experiment with 
weighed pieces of some dry, hard wood. Carefully compare 
the products obtained from the wood with those which were 
obtained from coal. Do you not obtain— 

(a) Inflammable gases, which will burn at the jet with a flame 
not so luminous as that of coal-gas. 

(6) An acid liquid in the flask ; as a matter of fact, this con- 
tains both wood spirit and acetic acid. 

(c) A tarry liguid, with a curious odour. 

(d) A residue of charcoal, black, brittle, and porous., 

(2) Weigh the charcoal which is left. It is very light, though 
its volume is scarcely less than that of the original wood. Also 


1 A known weight of coke may be taken and heated in a crucible in a mufile- 
furnace, and the weight of ash determined. 
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heat strongly a weighed portion in an open crucible, and weigh 
and examine any ash. The very slight grey ash is largely 
soluble in water ; it effervesces with acids, and is mainly forash. 
A really well burnt piece of wood charcoal consists almost 
entirely of the element carbon. 

Charcoal.—In parts of the Continent, where coal is much 
more costly than in England, charcoal is largely used as a fuel 
in stoves. It is obtained in large quantities by setting fire to 
great heaps of wood built round a central opening almost 


covered with earth so that little air can enter. Some of the 
wood burns away, but the heat so produced is sufficient to char 
the rest, the volatile products of course escaping. 

Expr. 8. To find whether Charcoal is heavier than 
Water.—(1) Throw a piece of charcoal into some water. It 
floats, and seems to be lighter than water. But charcoal has 
been noticed to be riddled with pores, which of course contain 
air, so that the piece of charcoal is like a lifeboat with air-com- 
partments. We can get rid of the air, or most of it, in more 
than one way. 

(2) Powder some charcoal finely, and shake it in a test-tube 
with water. The particles now sink. 

(3) Hold a piece of charcoal by a pair of tongs in a flame 
until it glows, and then plunge it immediately into water. It 
now sinks. 

Charcoal is thus proved to be really heavier than water. Its 
relative density varies from 1°4 to 1°7, 
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FOOD-STUFFS.—All the foods which have been examined 
contain carbon, as well as hydrogen and oxygen. Do they 
contain no other elements ? 

It was noticed (see Problem, p. 159) that egg-albumen, when 
strongly heated, gave off disagreeable fumes in which the pre- 
sence of ammonia may have been suspected because of its 
pungent odour. This odour is more evident if albumen is 
heated with lime, or with soda-lime, which is quicklime slaked 
with caustic soda. 

Expt. 9. To observe the Effect of Heat on Egg- 
Albumen mixed: with Soda-lime.—Mix a very small 
quantity of dried, powdered egg-albumen with five or six times 
as much dry, powdered soda lime, place the mixture in a small 
test-tube, and add a little more soda-lime. Heat very gently, 
and smell cautiously the mouth of the tube. The odour of 
ammonia is easily detected. Also hold a moist red litmus paper 
in the mouth of the tube: the paper is at once turned blue. 

Hence, since albumen to a less degree also gives off the odour 
of ammonia when heated alone, it is evident that albumen 
contains the “spirit of salammoniac” or its con- 
stituent elements, whatever they may be. 


PROBLEMS 


Find the effect of heating the following with soda-lime in dry tubes 
Classify them according as ammonia is or is not evolved. 


Pure starch Wheat flour Olive oil 
Lentils (powdered) Gluten? Mutton fat 
reas ~ ( ‘3 ) Dry lean meat Cheese 


THE COMPOSITION OF: AMMONIA.—tThe dis- 
covery that certain food-stuffs, c.g. egg-albumen, evolve ammonia 
when heated with soda-lime, raises the question of the composi- 
tion of this substance. Is it a distinct kind of gas? Is it an 
element like oxygen, ora compound like carbonic acid gas? The 
answer may show that certain food-stuffs contain some other 
important element or elements besides carbon, hydrogen, and 
oxygen. 

It has already been found (Vol. I., p. 160) that when sal- 
ammoniac is heated with quicklime the “spirit of sal-am- 


1 Gluten can be obtained from flour by macerating some flour in a muslin bag in 
water, and squeezing. Starch passes through, and leaves gluten. 
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moniac,” usually simply called “ ammonia,” is evolved, which is 
extremely soluble in water. Can this substance be collected as 
a gas? It is clearly useless to attempt to collect it over water. 
Let us try to collect it by upward displacement. 

ExprT. to. To attempt the Collection of Ammonia.— 
Mix a little sal-ammoniac with twice its volume of quicklime, 
and place the mixture in a dry test-tube, fitted with a cork and 
tube bent at right angles. 
Fix the tube in a clamp as 
shown in Fig. 65. Place a 
dry test-tube over the delivery 
tube, and waft a Bunsen 
burner underneath the mix- 
ture. Presently a very pun- 
gent odour can be detected 
at the mouth of the vertical 
tube, and the fumes will turn 
a moistened red litmus paper 
blue. Lift the test-tube gently 
up, close its mouth with the 
thumb, and place another 
test-tube over the delivery 
tube. 

To find out whether a gas 
has been collected, and if so 
what some of its characters 
may be, try the following 
simple experiments :— Fic. 65. 

(1) Place the mouth of the 
tube, closed by the thumb, below the ‘surface of some water, 
remove the thumb, and shake gently. The water rises gradually 
up the tube. (If all the air has been expelled from the appa- 
ratus, the water will completely fill the tube.) This result shows 
that a,gas has been collected, and that it is very soluble in 
water. As a matter of fact, I c.c. of water at the ordinary 
temperature will dissoive about 800 c.c. of ammonia gas. 

(2) Hold a tube full of the gas mouth upwards for one or two 
minutes, and then find whether it remains full. Onthe contrary, 
all, or nearly all, has escaped. Tryalso to pour the gas upwards 
from one tube to another. The results obtained show that 
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ammonia gas is much lighter than air; its relative density 
is 0°59 (air =-1). 

(3). Fill a dry jar with the gas, and plunge into it a lighted 
splint of wood. The flame is extinguished, but observe that the * 
gas ttself seems to have a tendency to burn. 

(4) The gas has also been observed to possess a very pun- 
gent odour, and to have an alkaline character. 


These experiinents show clearly that the “spirit of sal-am- 
moniac” can be collected, and that it is a distinct kind of gas. 
It was first ccllected by Dr. Priestley in 1774; he collected it — 


over dry mercury, and called it “alkaline air? but we shal 
retain the name ammonia. 

Let us now proceed to consider whether ammonia is an ele- 
mentary gas, or whether it is compound like carbonic acid gas. 
The only fact noticed thus far, which makes it somewhat doubt- 
ful whether ammonia is a simple gas, is the observation that it 
seems inclined to burn with a brown flame. Does it contain 
some inflammable gas, either hydrogen or some other? Will 
ammonia under more favourable conditions unite wholly or in 
part with oxygen ; and if so, what are the products ? 

Expt. 11. To find whether Ammonia can be oxidised 
by Copper Oxide.—Pack the bulb C of a “reduction tube” 
with dry granular copper oxide, and connect it, as shown in 
Fig. 66, with a test-tube, D, from which the ammonia is expelled.! 
Have ready also a short delivery tube, so that any gas which 


1 Ammonia gas can also be conveniently prepared by warming 4 parts of sal- 
ammoniac with 3 parts of slaked lime, and a little water, in a flask. The gas should 
then be dried by sending it through a tube packed with small lumps of quicklime. 
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_ passes through the tube may be collected in test-tubes over 
_ water. Warm the tube D gently (do not yet connect the delivery 
_ tube with the end B), and as soon as there is evidence of am- 
_ monia escaping at B, begin to heat the bulb C with another 
_ flame, at first gently, but then strongly. Notice that a dew 
_ begins to be deposited in the tube near B, and that the escape 
_ of ammonia finally ceases. Then connect the delivery tube, and 
_ collect the gas which escapes Over water in test-tubes. Notice 
also that the copper oxide becomes red, and is clearly being 
reduced. 

_ What is the gas collected? Test it with a burning splint and 
_ with lime water. It does not support combustion, it has no 
_ odour, it does not turn lime water milky. It has, in fact, all the 
_ characters of nitrogen. The dew deposited in the tube appears 
_ to be water : prove that this is so. 

__ This experiment proves that ammonia must contain nitrogen 
_ and hydrogen, and perhaps nothing else. This is indeed the 
case: more complete experiments, which we cannot stay to 
_ perform, prove that Ammonia is a compound of nitrogen 
and hydrogen. Priestley! made an experiment similar to the 
_ above, but he made use of oxides of lead or of iron : he noticed 
_ the liberation of the gas which we call nitrogen, and the forma- 
tion of water, and also how the oxide was “ revived,” as he 
_ expressed it. 


Nitrogenous Food-Stuffs.—Since certain food-stuffs, e.g. 
egg-albumen, evolve ammonia when heated alone or with soda- 
_ lime (see Experiment 9), the discovery that ammonia contains 
- nitrogen leads to the important conclusion that ¢hese Jood-stuffs 
_ Contain nitrogen in addition to carbon, hydrogen, and oxygen. 
Nitrogen is, in fact, contained in the white of egg, in gluten, 
_ which is a constituent of wheat-flour, in milk, and in the muscu- 
lar fibre of lean meat. To distinguish these and others from 
food-styffs, such as sugar, which do not contain nitrogen, they 
_ are often called nitrogenous food-stufts.2 


. Organic Foods may now be classified as follows :— 
| 1. The Carbohydrates — including all sugars, starch, and 
gummy materials. 


I Priestley’s Vatura/ Philosophy, vol. iii. p. 189. 
4 They are also called Aroteids. It may be added that some of them also contain 
_ asmall amount of sulphur and phosphorus. 
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2. The Fats—including not only solid fats, but also semi- 
liquid butters, and many liquid oils, all of which can be proved 
to be similar in their chemical composition. 

3. The Nitrogenous Food-stuffs—including lean meat, egg- 
albumen, the gluten of wheat-flour, and the casein of milk. 


The human body in its muscular fibre, in its nerve tissues, in 
the blood and elsewhere, contains nitrogenous materials, and it 
is therefore evident that if a healthy, vigorous body is to be 
maintained, the diet must include nitrogenous food-stuffs, in 
addition to carbohydrates and fats, which contain no nitrogen. 
It might be supposed that the addition to the diet of a little 
nitre or sal-ammoniac or some other inorganic store of nitrogen. 
might provide the necessary nitrogen ; but experience shows 
that we cannot in our systems build up from such a source the 
nitrogenous fabric of our bodies. Our bodies must be supplied 
with the nitrogen in the form of some organic material. Vege- 
tarians may find this necessary nitrogen in lentils, beans, and 
peas, but most people in this country obtain it mainly in the 
animal form of lean meat. 


In addition to the classes of foods already spoken of, there 
are others which are essential if health is to be maintained. 
Certain other elements must be provided, which may be found 
in common salt, in potash, and in other mineral “ salts.” 
These salts are present in larger quantity in fruits and vegetables 
than in other foods, and hence it is that a proper proportion of 
fruits and vegetables should be present in any scheme of diet. 
Large quantities of water must of course also be drunk. 

Animal tissues contain nitrogen, and when they putrefy.and 
decay ammonia is liberated; it is therefore found in sewage, 
and hence, if a water is found to contain more than a very 
small amount of ammonia, it may be suspected that it is con- 
taminated, and it should be considered quite unfit for érinking 
purposes. 


PROBLEMS 


1. Find whether dry ammonia gas can be decomposed by heat alone. 
Try by passing the gas, dried by lime, through a bulb tube packed 


mmable, | 

with oxygen, 

y through a strong solution of ammonia 
ntly in a beaker, and apply a flame to the mouth of the 


what occurs when a hot platinum wire bent into a spiral is 
> mixture of oxygen and ammonia gas as described in No, 2, 


| what occurs if common air is bubbled through a strong 
of ammonia, and then over metallic copper heated in a 


ine the effect of heat upon the substance provided. What 
do you find it to contain ? . 
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CHAPTER XVI 


THE TRANSFORMATION OF MATTER.—THE LAW OF DEFINI 
: PROPORTIONS . 


undergo change or transformation. If we consider our we id 
more closely, we shall find that many of these very numero 
instances of the change of matter can be classed under three 
heads :— 
Decomposition.—Not infrequently the effect of heat 
been to produce two substances from one. Thus :-— 


Chalk = quicklime + carbonic acid gas. 
Red lead = litharge + oxygen. 
Water = hydrogen + oxygen. 


Such a change is a decomposition or an analysis. 4 
Combination.—Numerous instances of combination were 
met with in our study of Fire and Air. Thus :-— = 


Lead + oxygen = litharge, or else red lead. “7 
Magnesium + oxygen = magnesium oxide, 3 


Phosphorus + oxygen = oxide of phosphorus. 
Hydrogen + oxygen = water. 


In contrast to analysis a change of this sort is called a 
synthesis. a= 
Decomposition and Simultaneous Combination. 
We have had frequent instances of more complicated chan 
than simple decompositions or combinations. Thus, w 
water vapour was passed over red-hot iron, the water 
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decomposed, hydrogen being set free, but at the same time 
iron was oxidised and iron oxide formed. Or, 


Tron + water = hydrogen + iron oxide. 


Other instances of decomposition associated with combination 
were :— 


Hydrogen + copper oxide = copper + water. 
Iron + nitric oxide = nitrogen + iron oxide. 


Many other changes were only partially studied, and cannot 
as yet be classified with certainty. Try, for instance, how far 
you can complete tae following equations as Statements of the 
whole of the change effected :— 


Lime water + sodium carbonate = 
Calcium chloride + sodium carbonate = 
Zinc + sulphuric acid) = 
Copper + nitric acid a 
Nitre + sulphuric acid = 


Hydrochloric acid + caustic soda 


Il 


Although much time has been spent, in the preceding pages, 
in examining these and other changes, yet in very few cases has 
the whole course of the change been verified, and it is therefore 
premature to classify them definitely. 

All the varied forms of change instanced above are what are 
called chemical changes, in distinction from those physical 
changes, of solid into liquid, or liquid into vapour, and the 
reverse, which have already been considered. Some of the 
characteristics of chemical change will be brought out in the 
succeeding pages. 

The changes which matter can undergo are thus of the most 
varied character, and though matter may become invisible, 
formless, and vague, yet we assured ourselves that wattor was 
not destroyed in several test cases (sce p. 50). We therefore 
assumed again and again in our experiments that the sum of the 
masses of the substances formed as the result of a change was 
equal to the sum of the masses of the substances taken. As 
Lavoisier said, “ C’est sur ce principe qu’est fondé tout l’art des 
expériences en Chimie ’—the whole art of making experiments 
in Chemistry is founded upon this principle. 
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All substances may be classified into two divisions, as 
homogeneous or heterogeneous, according as any portion 
appears or does not appear, so far as our powers of observa- 
tion go, to be of the same kind throughout, however minutely 
it is examined. 

(2) Homogeneous.!—Such are oxygen, chalk, water, solder, 
a solution of salt in water, air, &c. These will be considered 
in detail directly. 

(0) Heterogeneous.?— For example, a plum pudding, blood, 
or a mixture of sand and nitre. Plum pudding is compounded 
of suet, raisins, currants, lemon-peel, flour, &c., in proportions 
which may be varied at the discretion of the cook, but some at 
least of the constituents—the currants, the raisins, and the 
lemon-peel—may be distinguished and picked out from the 
finished pudding. Ifa drop of blood is examined microscopic- 
ally, it is seen to contain minute solid discs or corpuscles of two 
kinds floating in a clear liquid, the one pale red in colour, the 
other colourless or white. So too in a mixture of sand and nitre, 
however intimately they are mixed together, yellow grains of 
sand and tiny white crystals of nitre can be readily distinguished 
when the mixture is examined under a microscope. If a little of 
the mixture is placed in the mouth, the nitre is dissolved with its 
characteristic taste, and the hard gritty insoluble sand is left 
upon the tongue. It is evident that the sand and nitre are still 
present as such. 

Chemistry deals as a rule only with homogeneous substances ; 
if, however, a chemist has to deal with a heterogeneous sub- 
stance, he considers its homogeneous constituents separately. 

Homogeneous substances can themselves be classified under 
three heads as— 


(1) Elements. 
(2) Chemical compounds. 
(3) Indefinite compounds. : 


1. ELEMENTS.—Many homogeneous substances can under- 
go change by decomposition and be separated into different 


1 Greek : homos, the same, and gevros, kind. 

2 Greek: Aeteros, other, different, and gees, kind. 

3 Heterogeneous substances, such as a mixture of sand and nitre, are often called 
“mechanical mixtures.” The expression is, however, Open to serious objection, as 
the only meaning to be attached to the term “mechanical” is non-chemical, and 
requires the definition of the term “‘ chemical.” 
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substances. Chalk will yield an equal weight of quicklime 
and carbonic acid gas. Carbonic acid itself can be decom- 
posed, and we know it to contain both oxygen and carbon. 
Water can be decomposed into oxygen and hydrogen. How 
about carbon, or oxygen, or hydrogen? These substances 
can combine with others, but we have had no evidence of their 
decomposition into anything else. So far as we know, the 
decomposition can go no further. Such a substance we have 
termed an elements, and we have defined the term thus :— 

An element is a substance which has not by any 
known process been separated into two or more 
different substances. 


2. CHEMICAL COMPOUNDS.—The term compound has 
been freely used in previous chapters of this book, though no 
statement has been made of the precise meaning to be attached 
to it. For instance, it has been stated that 


Chalk is a compound of quicklime and carbonic acid, 
Magnesium oxide is a compound of magnesium and oxygen, 
Water is a compound of hydrogen and oxygen. 


Let us consider these substances in detail. They all differ, in 
the first place, from a mixture of sand and nitre in being 
homogeneous. 

Secondly, in them the characteristic properties of 
those substances of which they are composed have 
disappeared, and other properties are found. The 
unaided senses will never suggest that water is capable of 
separation into two invisible gases, and will find no evidence of 
the metal magnesium in the white infusible earth magnesia, 
nor of carbonic acid gas in chalk or marble. On the contrary, 
chalk, magnesium oxide, and water all possess distinctive 
propertétes which are markedly different from those of their 
respective constituents. 

In the third place, a remarkable definiteness of com- 
position has been found, e.g. :— 

(1) Chalk.—The most careful analyses that we have made 
with powdered calc-spar show that 100 grams of it always yield 
very nearly 56 grams of quicklime and 44 grams of carbonie 
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acid (see p. 143). We have also combined quicklime with car- 
bonic acid by different processes, and found that 56 grams of 
quicklime will in each case yield a white earth-like body 
resembling powdered calc-spar, which when dried weighs 100 
grams ; each product is a compound of 56 grams of quicklime 
with 44 grams of carbonic acid. These products, therefore, 


possess the same quantitative composition, while being also _ 
alike in other respects, and the same name “chalk” may be | 


given to each. Chalk, then, is a substance which possesses this 
definite composition. 

The more care experimenters have taken in studying this 
question the more nearly have their own experiments agreed 
with each other and with those of other experimenters. We, 
therefore, may conclude that the small differences which do 
exist between results point not so much to innate differences 
in composition as to errors of experiment which even the 
most experienced chemist cannot wholly avoid.' So satisfied 
are we of this definiteness of composition, that if a sample of 
“chalk” were given us, which on careful analysis gave different 
results, we should certainly conclude that it was not chalk. 
What then? Either some other substance or else impure 
chalk—that is to say, chalk mixed with something else. 

(2) Water.—We studied the composition of water in detail, 
and arrived at these results :-— 


Water, when decomposed by the electric current, produced 2 
volumes of hydrogen for every 1 volume of oxygen. 

2 volumes of hydrogen and 1 volume of oxygen combined and 
produced water. 

9 parts by weight of water are composed of § parts by weight 
of oxygen, and 1 part by weight of hydrogen. 

Careful experiments with the substance we call “water” will 
always lead to the same results, whether it be a sample of rain 
water which has just descended from the clouds, or it has been 
formed by burning a jet of hydrogen, or it has been obtained 
by distillation from the Atlantic Ocean. 

1 This kind of evidence must, of course, be accepted cautiously, and many of the 
most remarkable discoveries of science have resulted from the close scrutiny of small 
“errors.” We need only instance the discovery of Neptune, from small differences 
between the observed and calculated positions of Uranus ; and the difference in density 


between different samples of **nitrogen’’ which has led to the discovery of the gas 
* argon” in the atmosphere, 
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In contrast to the definiteness of composition of these sub- 
stances is the composition of heterogeneous substances, such 
as a plum pudding, blood, or a mixture of sand and nitre. 
Supposing different portions of ove particular mixture of sand 
and nitre were carefully analysed several times, the same results 
weuld of course be obtained. Other mixtures of sand and nitre 
could, however, be made, each of which would be called “ sand 
and nitre,” but their composition would not be the same. Again, 
samples of blood differ in composition. So also puddings, each 
called “a plum pudding,” may and almost certainly will differ 
in composition. 

We have, then, in the course of our study met with various 
substances, of which chalk and water are instances, to which 
the following statements apply :— 


(1) They are homogeneous substances containing 
two or more elements. 

(2) Some of their properties are not the same as 
those of their constituents, nor even a mean of those 
of their constituents. 

(3) Two samples even when produced by different 
processes and by different experimenters, or obtained 
from different sources, possess the same quantitative 
composition while being alike in other respects. 

The statement that there are substances of which this is true 
may be called the ‘‘ Law of Definite Proportions.” 

Substances to which these three statements apply are called 
“definite” or “ chemical compounds.” 

Any change resulting in the production or decom- 
position of a chemical compound is a “chemical 
change,” and a chemical change is therefore as- 
sociated with those features which are proper to a 
chemical compound. 


. 
PROBLEMS 


Obtain samples of the following substances from different sources or 
makers, and find whether they are definite or indefinite compounds :— 
1. Potassium Chiorate.—Weigh a dry hard glass test-tube. Introduce 
about 2 grams of dry potassium chlorate, and with a camel’s-hair brush 
dust all particles down to the bottom of the tube, and again weigh, 
N 2 
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Fix the tube in a clamp, and heat gently both the bottom of the tube 
and the part just above the substance; finally heat with a full 
flame. Allow to cool and then weigh. Calculate the percentage loss 
of oxygen. 

One sample was found to contain 39 per cent. of oxygen. What do 
you find ? : : 

2. Red Oxide of Mercury.—Similarly heat in a weighed hard gla 
test-tube quite 2 grams of dry red oxide of mercury, but only heat 
the bottom of the tube. 

A sample was found to contain 7°5 per cent. of oxygen. What do 
you find? 

3. Oxzde of Copper.—Weigh about I gram in a porcelain boat, and 
place in a hard glass tube, and arrange to pass a current of dry 
hydrogen! through the tube. After expelling all the air, begin to heat 
the tube, and continue until the oxide is apparently completely reduced 
to the red metal. Allow to cool in a current of the gas, and then 
carefully pull out the boat with a hooked copper wire and weigh it. 
Reheat and reweigh. Calculate the percentage loss of oxygen. 

A sample was found to contain 20°3 per cent. What do you 
find ? 

4. Sodium Carbonate (anhydrous).— Determine the percentage weight 
of carbonic acid gas which can be expelled by acid. Proceed as in 
Experiment I, p. 140). 

A sample contained 41°5 per cent. What do you find ? 


3. INDEFINITE COMPOUNDS.—tThere are other homo- 
geneous substances containing more than one element which 
are not characterised by that definiteness of composition 
to which we have referred. Such are solutions, alloys, and 
mixed gases. 

Solutions of salt in water, for example, each called “a salt 
solution,” may vary greatly in composition. Moreover, to a 
given solution we can within certain limits add either salt or 
water, and we shall obtain a fresh solution of salt in water, 
which will still be homogeneous. 

Solder, again, is an alloy of tin and lead. We have not our- 
selves analysed diferent samples of solder, but if we did we 
should find that, though homogeneous and closely alike in other 
respects, yet too great differences would exist between the ratios 
of lead to tin in different samples of solder to be due to any error 


1 Coal-gas may be used in place of hydroger 
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of experiment. We may say that solder is an indefinite com- 
pound of tin and lead. 

Is common air a chemical compound of oxygen and nitrogen? 
In the first place we recall that substances will burn in oxygen 
as well as in common air, but much more brilliantly, and that 
oxygen supports the life of animals, as does common air, but 
more vigorously ; in fact, the properties of common air are 
a mean of those of oxygen and of the inert gas nitrogen. But 
do samples of air collected at different times and places not 
possess the same quantitative composition? Very exact ex- 
periments have recently been made by Leduc. He determined 
the weight of oxygen in the air, and found— | 


At Paris... ... ... Summer ... 23°23 per cent. of oxygen. 
OeePpe cc... ss Joly cH... 23°16 $3 3 
ey Mas. ck DD tis 2307 ey a : 
On Belgian frontier ... Summer ... 23°17 i ii 
és a PP i Witer ... 23°09 $3 e. 


So accurate were his experiments, that the differences between 
these numbers cannot be put down to experimental errors. 
They show that there are distinct though slight variations in 
the composition of the air. On these grounds common air cannot 
be regarded as a chemical compound.! 


The Existence of an Element in the Separate and 
in the Combined State.—We have stated that magnesium 
oxide is a chemical compound of magnesium and oxygen. We 
do not mean, however, that the white infusible earth actually 
contains magnesium as a mefa/, and oxygen as a gas. That is 
inconceivable. What we do mean is that magnesium oxide 
contains the material or substance of these elements. A similar 
statement is true of other chemical compounds. Water, for 
instance, does not contain oxygen or hydrogen as gases, but the 
substance of these elements. Why, when elements are thus 
intimately compounded, their characteristic properties should 
vanish, and why other properties should appear, is, at present, 
an unanswered question. 


1 We do not contend that our treatment of chemical and indefinite compounds is 
complete or above criticism. On the contrary, we believe that at present it is impos- 
sible to define the one clearly from the other. This is shown by the fact that there 
are some substances with regard to the classification of which as chemical or indefinite 
compounds there is wide difference of opinion amongst even trained chemists, 
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Hence, to be accurate, a statement of the composition of a 
chemical compound is merely the statement of its formation or 
of the changes of which it is capable. 

Pure Materials.——It is not easy to prepare substances pure, 
that is, free from admixture with other substances. Adulteration 
Acts have made it easier for manufacturers to be honest, but it 
is still difficult to prepare pure materials, as may be seen by 
quoting from a recent price list :— 


Ib. oz. 

Acid hydrochloric... commercial ... ... ... 3@ 

DURE aaa sw Seen. ea 

pure for analysis)... ae 
Soda caustic ... ... lump et eo tS 

Wwitite SUCK: ~.0. sn aces 3d. 

PONG .5ec seo sen ask: nena 6d. 

ftom SOGtwi oo. ss. Se ae Is. 6d, 
PANG He io ine ed BRA So eek ee ee 

free from arsenic ... ... 25. 

distilled, free from iron... 6s. 


Each of the above substances is homogeneous : the first is an 
indefinite compound, the second a definite or chemical compound, 
and the third an element. It is clear, however, that the commercial 
article may in each case contain foreign matter. 

Boyle in his day did not always find that the materials with 
which he was supplied were pure. In Zhe First Essay on the 
Unsuccessfulness of Experiments, he speaks of seed of clover 
grass from a great quantity of which no grass sprang up, and 
of varying samples of vinegar which did not all contain living 
creatures, and then of his own difficulties, thus :— 


“The other day, having occasion to use some SPz77t of Salt, 
whereof I was not then provided, I sent for some to a Chymist, 
who making it himself, was the likelier to afford that which was 
well made ; but though I gave him his own rate for it, at the 
first Rectification even in a Retort, a single pound afforded us 
no less than six ounces of phlegm; and afterwards being 
further rectifi'd in a high body and gentle heat, the remaining 
Spirit parted with a scarce credible quantity of the like nauseous 
liquor, and after all these sequestrations of phlegm was not pure 
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enough to perform what we expected from it. Of which com- 
_plaining to an excellent Chymist of my acquaintance, he sent for 
Spirit of Salt to a very eminent distiller of it, who gets much by 
his profession, and passeth for a very honest man: but this 
spirit, besides its weakness, discover’d itself to be sophisticated 
with either Spirit of Mitre, or Agua fortis, which betray’d 
itself by its peculiar and odious smell; whereas Spirit of 
Salt skilfully and sincerely drawn, is commonly of a greenish 
colour, bordering upon yellow, and hath usually a Peculiar, and 
sometimes (as I can exemplifie to you in some of mine) a not 
Unpleasing smell.” 
The greenish colour which Boyle regarded as a test of purity 
___we should now think a proof of impurity due to the presence of 
iron. 

We too must not rashly assume that the labels on all bottles 
_ truly denote their contents. For instance, sulphuric acid con- 
tains a small percentage of water, zinc usually contains traces 
of other metals and of carbon, caustic soda is rarely free from 
carbonate of soda, and common salt often has other salts mixed 
with it. 


EXERCISES 


E 1. Try whether samples of zinc and iron will dissolve entirely in 
- dilute sulphuric acid. 

5 2. Try whether samples of alcohol, sal-ammoniac, and distilled water 
E will evaporate completely without leaving any residue. 

4 3. Endeavour to prepare pure samples of the following commercial 
a substances :— 

ie a. Copper Sulphate, by recrystallisation. 

i b. Common Salt, by passing into a saturated solution of the salt the 


fumes of the ‘‘ spirit of salt,” just as the fumes were in Vol. I, p. 156, 
? Expt. 5, passed into water. Crystals of pure salt will be thrown out of 
solution. When a considerable quantity has separated out, collect the 
: salt on filter, wash it with a little pure strong hydrochloric acid, drain 
it by a Bunsen pump, and lastly heat it gently in a porcelain basin. 


PUBLIC EXAMINATION PAPERS 


OXFORD LOCAL EXAMINATIONS 


JUNIOR CANDIDATES 
ELEMENTARY SCIENCE. Paper II 


July 1900 
2 Hours 


1. What are the gases contained in air, and in what proportions a 
they present? Describe some experiments which demonstrate the 
existence, and also their most characteristic properties. ee 

2. Briefly describe three methods of preparing hydrogen from water. E 

What volume of hydrogen could be obtained from 10 grams of water 
(1 litre of hydrogen weighs 0°09 gm.) ? 

3. What happens if one passes a stream of hydrochloric acid 
through lime water ? . 

If the amount of gas absorbed by the solution is known, it is possildies : 
ae to calculate in what quantities certain other substances are formed. 
es Why is this, and what important principle is thereby illustrated ? - 
ze 4. To what is the hardness of water due? When and how is it 
aay possible to remove this hardness ? ‘San 
ae Describe very briefly the chemical properties of the substances 
ii make water hard. 

5. What takes place when a solution of potash is neutralised 1 * 
a adding nitric acid? Describe one or two simple experiments to ¢ 9 x 
a monstrate the nature of the body formed. Ss 

3 6. What are the chief bodies present in coal-gas? What are tt the | 
substances formed when it is burnt in the ordinary gas flame? Ho wo 
would you demonstrate their presence ? 


7. What are the metals gold, iron, zinc, and lead most 
used for, and why ? 


PRELIMINARY EXAMINATIONS 
CHEMISTRY 


December 1900 


1 Hour 


elative amount of each constituent affected (a) by plants, (4) by 

Describe the preparation and chief properties of hydrogen. 

How would you prepare hydrochloric acid? Give two tests by 
asolution of hydrochloric acid can be distinguished from a solution — 
ic acid. 

What are the principal properties of carbonic acid gas? What is 

tion with (a) lime water, (4) a solution of litmus? a: 

. Explain carefully what is meant by av element. How would you 


that coal-gas contains carbon and hydrogen ? 


CAMBRIDGE LOCAL EXAMINATIONS 
26. JUNIOR CANDIDATES 
ELEMENTARY EXPERIMENTAL SCIENCE. Paper II? 


December 1900 


“4 Describe and compare the physical and chemical properties of any 
common solid elements and of one compound of each. 

Describe a method of preparing oxygen. How would you prove 
hat oxygen is a constituent of (i) air, (ii) chalk ? 

6. @ive an account of the physical properties of water. 
cf ‘Describe carefully how you would determine the composition of 
ter by weight, giving drawings of the apparatus. . 


= 


ook €-.: 
‘The syllabus has very recently (1900) been revised, and, as it now stands, is com- 
ely covered by the course described in this book. The examination in 1 was 


ton old syllabus, but the questions quoted above are upon subjects scheduled in 
w syllabus. 
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JOINT SCHOLARSHIPS BOARD 
INTERMEDIATE SCHOLARSHIPS EXAMINATION 


ELEMENTARY DRAWING AND ELEMENTARY 
EXPERIMENTAL SCIENCE? 


June 1900 
3 Hours 


3. Measure the area of this examination paper in square centimetres, 
and from the number obtained calculate the length in inches of a square 
sheet of paper having exactly the same area (I metre = 39°37 inches). 

4. Describe the appearance and obvious properties of the following 
substances: (1) a lump of chalk; (2) a block of ice on a summer's 
day ; (3) a stick of brimstone. 

5. The following observations of a barometer were made at noon 
each day during the first two weeks in February :— 


750mm. | Feb. 6 ... 762mm. | Feb. 11 ..- 958 wath. 


Feb. 1 

9° 2 754 : J} be) 7 sd 738 Bs 99 12 sae 756 59 
3 750 45 py Boas FAR Time ee 
99 4 757 eh) rE] 9 phoned 745 99 39 14 ities 750 9° 
9° 5 760 99 >) IO Sethe 750 33 


Draw a curve representing the variations in atmospheric pressure, and 
briefly comment on the kind of weather likely to have been prevalent 
during the period under review. 

7. Sketch and describe an apparatus such as you would use if you 
were requested to ascertain if the constituent of air remaining after the 
rusting of iron in a confined volume of air produces any change when - 
passed over heated copper. 

8. Give an account of experiments you could make if you were 
required to show with the aid of a balance that the gas evolved on 
pouring an acid on chalk is identical with the gas lost during the 
conversion of chalk into lime. Describe a lime-kiln. 


1 The questions on Klementary Experimental Science alone are quoted here. The 
syllabus of this part of the examination is in accordance with the Elementary Science 
Syllabus of the Incorporated Association of Headmasters, ‘‘ Physics,” §§ 1-10, 


‘ Chemistry,” §§ 1-8, 1o, (Educational Supply Association, 42, Holborn Viaduct, 
E.C., price 3d.) 


OINT SCHOLARSHIPS BOARD 
INTERMEDIATE SCHOLARSHIPS EXAMINATION 
ADVANCED CHEMISTRY! 

June 1900 
13 Hours 


ut are mot “east fo answer more than 4 questions. 


sts chiety of two gases present in the ratio of about 4:1. 

When lead is heated in air the substance litharge is formed. 
would you proceed to show that the production of this 
7a nce 1s accompanied by a change in weight, and that this ane is 


“When sci is poured on chalk an invisible gas which does not 
port combustion is evolved. Give an account of experiments you 
d make if you were required to determine if this gas is or 1s not 
ical with the inactive constituent, comprising four-fifths by volume, 


A glass of muddy water is given you. How would you ascertain 
: contained dissolved solid matter, and how would you find the 
cht of dissolved solid matter in 100 c.c. of the water? 


6. Give experimental evidence that such substances as flour, sugar, 
alcohol contain carbon. 


JOINT SCHOLARSHIPS BOARD 
é Major SCHOLARSHIPS EXAMINATION 
ELEMENTARY SCIENCE (Puysics AND CHEMISTRY)? 


July 1900 


° 2 Hours 


. (a) Give a full description and sketch of the apparatus you would 
€ ‘if you were required to determine the volume in cubic centimetres 
large, irregular-shaped flint. 


e syllabus is that of the I.A.H. M. Elementary Science Syllabus, ‘‘ Chemistry.” 
1, Chem of the Chemistry is that of the I.A.H.M. Elementary Science 


Peppers: 
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(4) The density of silver referred to water is 10°26; the density of 
lead referred to silver is 1°075. Assuming that when lead and silver 
are alloyed no change in volume occurs, find the percentage composition 
of a silver-lead button from the following data :— 


Weight of button in air, 15°167 grams. 
Weight of button in water, 13°773 grams. 


2. On the squared paper provided, and with the aid of the table given 
below, draw a curve representing the duration of night from March rst 
to June 29th. Assume that day commences half-an-hour before sunrise 
and ends half-an-hour after sunset. 


Sun rises. Sun sets. 

Mar. “tst 6.48 A.M. 5-37 P.M. 
99 a 0th 6.20: Ge o.55- és 
95 est 6.3 D.T2-s. 
A §.40° 3 D296 
Apr. roth S13. S25 $5 
” 20th 4.56 29 7+ 2 45 
»» 30th 4-36 4, 7-18 45 
May 1oth 4.1GrS 5 * ee 
»» 20th 4-3 » 7-49 55 
»» 30th 3-52 55 8. 3 95 
June oth 3.45.40 B13. 45 
29 19th 3-44 5, 8.18 9 
99 29th 3-48 29 8.18 29 


3. Describe a barometer and explain its use. What experiments 
would you make if you were required to demonstrate that the change 
in level of the mercury in a baronieter depends on variation in 
atmospheric pressure ? 

4. Describe some well-known facts which show that substances 
usually expand when heated. How would you experimentally deter- 
mine which of the metals iron and copper is the better conductor of 
heat ? 

§. Mention some of the physical differences between sea water and 
fresh water. How would you proceed to discover if sea water contains 
dissolved air, and how would you collect a sample of such air and 
determine if its composition is identical with that of ordinary air? 

6. Describe the appearance and obvious properties of copper, alum, 
gypsum, flint, and litharge. 

7. A black powder may or may not be copper-scale. How wouid 
you experimentally decide the point ? 

8. Describe experiments which show that chalk when burnt is greatly 
changed. 

Make a rough sketch of a lime-kiln to illustrate your answer. 


UNIVERSITY OF LONDON 


MATRICULATION EXAMINATION 


GENERAL ELEMENTARY SCIENCE 


The following are the Questions on Chemistry in the papers set 
January 1900 to June Igo01 


January 1900 


1. You are given a number of cylinders containing ammonia gas. 
Describe the experiments you would make in order to illustrate the 
chemical and physical properties of the gas. 

2. Describe any experiments showing that the chemical combination 
of two elements to form a definite compound takes place in a fixed 
proportion by weight. 2 

3. What is the effect of heating (a) chalk; (4) rock-crystal ; (c) a 
mixture of hydrogen and oxygen ; (a) carbon in air ; (e) sulphur in air? 
Name and give the formula of each substance produced. 

4. Enumerate the differences in physical properties exhibited by sea 
and fresh water respectively. How can a specimen of common salt be 
prepared from sea water ? 

5. How would you separate from each other a mixture of sand and 
chalk ? 

6. Describe an experiment showing that water and carbon dioxide 
are formed in the combustion of a candle. How can ordinary coal-gas 
be made to burn with a non-luminous flame ? 


» 


June 1900 


7. The words ‘‘ combustion,” ‘‘ flame,” and ‘‘ incandescence ” occur 
in the syllabus. Give instances of each, and state how these phenomena 
differ from each other. 

8. What changes occur when ice is heated to 0° C.? When it is 
heated above 0°? When water is raised to 4°? When it is raised to 
100°? When steam is heated to 200° ? 

g. When an ordinary wax-match is ‘‘ struck” it takes fire, and the 
wax i@ignited. Explain the physics and chemistry of the changes which 
occur. 

to. Gunpowder is made by mixing together charcoal, sulphur, and 
saltpetre : describe fully how you would propose to obtain cach of 
these ingredients in a state of purity from a specimen of powder. 
: tr. A natural water is found to give a white precipitate (a) on boiling, 
£ (4) on the addition of a solution of silver nitrate, (¢) on the addition 
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of a solution of barium chloride: what inferences would you draw 
from this behaviour, and how would you test their accuracy ? 

12. Describe those properties possessed by sulphuric, hydrochloric, 
and nitric acids, which lead to these substances being designated 
‘* acids.” . 


January 1901 


13. How could a diamond, a piece of rock-crystal, a piece of cale- 
spar be distinguished from each other ? 

14. State what you know about carbon dioxide. _ 

15. Describe how ammonium nitrate can be prepared. How can 
ammonia and nitric acid be obtained from it ? 

16. Describe the experiments which could be performed in order to 
demonstrate the points of difference between an aqueous solution of 
ammonia and of caustic potash respectively. 

17. Describe and explain the various methods with which you are 
acquainted by means of which air can be deprived of its oxygen. 

18. Common salt is dissolved in distilled water. How are the 
freezing point, boiling point, and temperature of maximum density 
affected thereby? Draw and describe the apparatus with which you 
would propose to determine the freezing and boiling points of water ? 


June 1901 


19. Why does smoke go up a chimney? Give a detailed explanation 
of this. 

20. What is formed when phosphorus burns in air? Can it be made to 
burn in any other gas? and if so, in what ? 

21. What is left behind as a gas when phosphorus burns in a closed 
vessel? What properties has it? Has it been made to combine with 
oxygen, and if so, how? 

22. Common salt, sulphur trioxide, carbon dioxide, and metallic 
sodium dissolve in water ; ammonia, chalk, and metallic zinc dissolve in 
dilute hydrochloric acid ; sulphur dissolves in carbon bisulphide : state 
what in each case remains on evaporating off the solvent. 

23. How can chlorine be obtained from common salt ? Sketch the 
apparatus you would employ for its preparation, and describe three 
experiments illustrating its properties. : 

24. How can carbon, sulphur, phosphorus, and chlorine respectively be 
made to combine with hydrogen? Give the names of the compounds 
formed in each case. 


SOME PUBLIC PRACTICAL 
EXAMINATIONS 


ae 


OXFORD LOCAL EXAMINATIONS 
JUNIOR CANDIDATES 
ELEMENTARY SCIENCE. Paver III? 


July 1900 
2 Hours 


Vrite a full account of all your work, and make sketches of the 
atus you use. 
[Attempt 2 questions, one from each section. You must try either 
vestion I or question 3, but are not forbidden to try both.] ; 
. Determine the specific gravity of the two solids, P and Q,? 
vided. 
Using only a test-tube of water, a thick copper wire, and a 
rmometer, perform and describe experiments to illustrate the various 
; in which heat may be transferred from one place to another. 


bstance R with strong sulphuric acid. Determine its properties, and 
more than one gas is found to be present, determine the relative 
portions of the gases. 
Substance S is a mixture. Try, if you can, to separate the 
stigients, and find out their properties. 
“1 “In the practical examination simple problems intended to test the candidate’s 
Mers of observation and description will be set on subjects selected from the 


Jule. estions on practical mensuration will be set with one of the Aafers. 
mical exercises may include simple measurements of masses and volumes.” 


b Dot and Cork. 
was Oxalic Acid, 
5 was Charcoal, Chalk, and Common Salt, ox Sand, powdered Zinc, and Epsom 


5 
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“ 
CAMBRIDGE LOCAL EXAMINATIONS 


JUNIOR CANDIDATES 
ELEMENTARY EXPERIMENTAL SCIENCE. Paper III 


December 1900 
2 Hours 


No candidate may attempt more than 2 of the 4 questions. Full 
details -as to observations made, together with a statement of the 
precautions taken to avoid error, are to be given. 

A 1. Heat K, L, and M. Note what happens in each case, and 
compare your observations in the three cases. 

A 2. Describe the action of heat and acids on the given carbonate N. 
Find the volume of carbonic acid given off on adding excess of nitric 
acid to a known weight of N, and calculate the number of c.c. given 
off by I gram. State the temperature and pressure at which you 
measure the gas. 

Bi. Find the centre of gravity of the given figure by a graphical 
method. 

B 2. Weigh a quantity (between 40 and 50 grams) of common salt, 
dissolve it in 250 c.c. of water, and determine the specific gravity of the 
solution. 


JOINT SCHOLARSHIPS BOARD 
INTERMEDIATE SCHOLARSHIPS EXAMINATION 
ELEMENTARY EXPERIMENTAL SCIENCE 
PRACTICAL EXERCISE 
June 1900 
$ Hour 


You are provided with a white substance, and are required 

(1) To describe its appearance and obvious properties. 

(2) To determine its density by weighing it in air and in water. 

When the superintendent has initialed your answer, make the. 
experiment. Then describe exactly what you have done, and record 
your results, 
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JOINT SCHOLARSHIPS BOARD 
INTERMEDIATE SCHOLARSHIPS EXAMINATION 
ADVANCED CHEMISTRY 
June 1909 
: 4 Hour 


With the materials provided you are required to fit up an apparatus 
such as would be suitable for determining the loss of weight incurred by 
chaik when it is treated with an acid. Mark the positions of the tubes 
by gumming rings of paper round them just above the cork, and 
indicate which is the exit tube. Put your name on a label, and also note 
on this the time taken in fitting up the apparatus. ! 


LONDON COUNTY COUNCIL 
INTERMEDIATE COUNTY SCHOLARSHIPS 


ELEMENTARY EXPERIMENTAL SCIENCE 
PRACTICAL WoRK 
fuly 1899 
3 [lours 


1. Measure the length and average diameter of the glass rod, and 
hence calculate its volume. Check your result by a direct determination 
of its volume by displacement of water in the burette. Calculate what 
length should be cut off to have a volume of 2 c.c., and cut off this 
length. Label it with your name and number. 

2. Determine the specific gravity of the glass beads, using the 
balance and the specific gravity flask. 

3. Ais a mixture of a soluble and an insoluble substance. Obtain a 
dry sample of the insoluble substance, and find what volume of gas 
is given off from 2 grams of it by treatment with hydrochloric acid. 

4, Prepare specimens of crystals from the solution B, and describe 
fully the changes which occur on heating them to a high temperature 
and treating the residwe with hydrochloric acid. 


1 Fach candidate was provided with a 2-07. conical flask, a small straight chloride 
of calcium tube, and two corks which fit the flask well, gum paper, narrow glass, and 
rubber tubing, and narrow glass rod, all } in. 


VOL. I O 
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Tuly 1900 

3 Hours 
1. Measure the diameter of one of the metal discs, and hence calculate 
the area of its face. Determine the volume of several of the discs by the 


aid of the beaker and the burette. Calculate the volume of a single disc, 
and hence the thickness of a disc. Check this result by a determination 


of the thickness directly, by measurement of the thickness of a number _ 


of the discs pressed together between the wooden blocks. 

2. Determine by the aid of the balance and sinker the density of the 
substance given. 

3. Determine the percentage by weight of carbon dioxide in the 
substance A. 

4. Describe fully the changes which occur when B is heated and the 
residue obtained is treated with hydrochloric acid. 


. APPENDIX 


LABORATORY FITTINGS.—APPARATUS AND CHEMICALS 


PRET OT Snrageee 


The Laboratory,’ in which the student is to work, will probably he 
found by him ready fitted. If he has to fit up his own, the most 
important requirements are : 

A room of sufficient height, weli lighted and ventilated. 
A bench of some hard wood, such as teak, not easily destroyed. 
Shelves for bottles above the bench, and on the walls. 
Drawers and cupboards for apparatus, below the bench, 
Gas for heating and lighting. 
A water supply. 
An earthenware or lead-lined sink, not easily choked by rubbish. 
A draught-cupboard for substances evolving noxious fumes, 
; Plans for Laboratory fittings ? may be obtained from :— 

North of England School Furnishing Co., Darlington ; 

Hammer and Co., London ; 

John Heywood, Deansgate, Manchester ; 

The Science and Art Department’s Drawings and Descriptions 
of Fittings for a Laboratory (Form No. 1013), Eyre and 
Spottiswoode ; Is. 62. 

Reynolds and Branson, Commerciai Street, Leeds. 

Choice of Apparatus.—When choosing apparatus to furnish a new 
a laboratory, the funds available may be limited, but there are some 
; directions in which a liberal initial expenditure would be wise economy, 
and other directions in which it is quite easy to postpone purchases. 
‘The provision of iden‘ical apparatus, perhaps in sets of a dozen, 
‘means badied economy vhen a school has limited means. As to ways 
_ of saving, we need not waste money on expensive lecture-table 
| S 


— Se. | 


. 

1 Latin, Zaborare, to work. 

2 Tllustrations of recently fitted laboratories will be fourd in the back numbers of 
the Record of Technical and Secondary Education. The standard book on 
laboratory plans is, however, “Technical School and College Buildings,” by EK. C, 
Roberts, F.S.A., demy 4to (Whittaker). 
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apparatus, to be used only once a year, and then only to show a single 
experiment. Hence we may have to omit the celebrated guinéa-and- 
feather experiment, unless we can substitute for the time-honoured but 
extravagant apparatus some simpler contrivance of our own. A 
Hempel gas-burette, costing 18s., and useful for an endless variety of 
experiments on the volumes of gases, is worth far more than the special 
apparatus, costing 2§s., and used only for the electrolysis of hydrochloric 
acid. Instead of specialised apparatus, it is better to buy a good supply 
of rubber corks, screw-clips, and T-tubes, and encourage the ingenuity 
of boys in building up more complicated apparatus from these simple 
elements. 

But exact balances, one to every pair of boys, and accurate weights 
with each, although expensive, are indispensable. 

Many old laboratories have become both untidy and inconvenient on 
account of the number of different patterns of bottles and of retort- 
stands which have accumulated by purchase at different dates. We 
therefore recommend a wise forethought in selecting carefully the best 
patterns of bottles, retort-stands, and boxes of weights, and the purchase 
of rather long stocks of these. (Sce also p. 204.) 


APPARATUS FOR EACH BENCH 


Each pair of students should have for their own use some such set of 
apparatus as the following :— 


Retort-stand with two or three rings and one clamp. 

One aspirator. 

Two Bunsen gas-burners with rubber tubing. 

Two cones for Bunsen burners. 

T-piece with rubber tubing. 

Tripod-stand. 

Tron tray for sand 

Iron wire gauze. 

Wicker basket for glass tubing and corks. 

]uster. 

Three flasks: 16 0z. and two 8 oz. conical flasks, : 
Test-tube stand. 

Six test-tubes, 5 x 3 in. : 
Test-glass. 

Glass tumbler. 

Crucible tongs. 

Two files, triangular and rat-tail. 


‘APPENDIX, , 9 
Small pestle and mortar ; Berlin, glazed, 2 in. diameter. 
Two porcelain evaporating basins. 

Two filter funnels. : 

Thistle funnel. 

Two watch-glasses. 

Two glass rods. 

Two pipe-clay triangles. 

Mouth blow-pipe. 

Narrow rubber tubing—two or three small pieces. 
Mohr's spring clip. 

Deflagrating spoon. 

Broad burner. 


——— ——, 


APPARATUS FOR GENERAL USE 


In addition, the following apparatus will be frequently wanted, and 
must be close at hand, and in sufficient quantity :— 


Flasks, flat-bottoms, German glass; various sizes (24, 16, 8, 4, 
2 02.) 
Flasks, conical ; 8 and 4 oz. 
Flasks, round-bottoms, hard Bohemian glass ; 16 and 8 oz. 
Bottles, wide-mouthed ; 12 oz. (preparation of hydrogen, etc. ). 
Beakers ; various sizes down to I oz. 
Beakers, lipped; 14 and 8 oz. 
Test-tubes ; 3 x 4, 5 x 8,6 x 1 in. 
Hard glass test-tubes ; 6 x 3 in. 
Hard glass reduction tubes, 1 bulb. 
Arsenic buib tubes. 
a Spécimen tubes; 2 x 4 and 2 x # in. 
; Glass retorts, stoppered ; 8 oz. 
; . Sample bottles; 8 and 4 oz. . 
Winchester pint bottles. 
Bell-jars. 
Soft glass tubing ; 4 and 4°, in. ’ 
Hard glass tubing ; 4 in. internal diameter. 
Bafbmeter tubing ; 36 in. 
Glass evaporating basins ; 3 in. diameter. 
Glass crystallising dishes; 3 in. diameter. 
Watch-glasses ; 3, 24, 2 in. 
Calcium chloride bulb tubes, 6 in, 
. vs 9 U-tubes. 
; Two large funnels; 8 in. diameter. 
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Separating funnels ; 100 c.c. 
_ Lamp-glasses. 
Test-glasses ; 4 02. 
Measuring flasks, stoppered ; 1,000, 250, and 100 c.c, 
Measuring jars ; 500, 200, and 100 c.c. 
Pipettes ; §0 c.c., 10 c.c., and 100 grains. 
Burettes, Mohr’s ; 50 c.c., with clip and jet. 
Gas jars; 8 x 2, and 6 x If in. S 
Round ground glass plates ; 3 in. diameter. 
Glass T-tubes. 
Wood scales}; metre, } metre, and 30 cm. + 1 ft. 
Filter paper ; cut in circles, 45, 33, 24 in. diameter. 
4 ei in sheets. , 
Squared paper (see Vol. I, p. 188). 
Porcelain crucibles ; 14 and 14 in. diameter. 
Wedgewood ware pestles and mortars ; 5 in., and one large 8 in. 
Iron pestle and mortar. 
Agate pestle and mortar. 
Thermometers ; Centigrade, reading to 200° and 11¢° 
ds Fahrenheit, reading to 240°. 
Pneumatic troughs. 
Beehive stands. 
Porcelain boats ; 4 in. and 2 in. wide. 
Black rubber tubing ; } in. and ,°; in. diameter. 
Red rubber tubing ; 3°; in. diameter. ; 
Pump tubing. 
Corks ; 1, #, #, & 4, 2, $ in. diameter. 
Bungs: 1 and I in. diameter. 
Rubber stoppers: 1 hole; %, 3, 3, 4, 3 in. diameter. 


is 5 2 holes; 14, 1, 4, # in. diameter. 
- - solid; %, #, 2, 4 in. diameter. 
Blocks of wood. : 


Cedar splints. 

Balances ; to carry 250 grams and 100 grams, one for every two 
students. 

Sets of weights ; up to 100 grams and down to 1 centigrayp. 

Salter’s spring balance ; to carry 1,000 grams. 

Béranger balance (for rapid and rough weighing). 

Set of weights ; up to 1,000 grams, and down to 1 decigram. 

Spare decimal of gram weights. 

Sec of grain weights. 

Ramsay burners. 


1 From J. Raybone and Sons, Whitmore Street, Birmingham, 


; radial burners. 
1d zinc cans for calorimetry. 


a) Labels : blank. 

Labels: printed and varnished. 

_ Small retort-stands. | Oe 

Cylindrical cans, for boiling water ; quart size. . a 
Platinum wire and foil. } pe 

_ Emery paper. 

- Battery clamps. 

‘Cubes and blocks of hard wood. 

_ Copper, brass, and iron cylinders ; 14 x 3 in. 

_ Copper, lead, and ircn balls. * | ' a 

_ Small horse-shoe magnets. ee 

5 Balloons, goldbeaters’ skin ; 18 in. circumference. : 
Pliers. ‘ 

Wooden trays (1 doz.) for mercury experiments ; for carrying | av 

apparatus about. a 

_ Specific gravity bottles ; 25 c.c. 


APPARATUS FOR OCCASIONAL USE 


Grove’s battery, bichromate battery, or secondary cells. 
- Small induction coil. 
_ Kipp’s apparatus (two, for carbonic acid gas and hydrogen). 
Hempel gas burettes. 
Combustion furnace. 
Muffle furnace. (Fletcher’s, 23H.) 
Foot-bellows and blow- pipe. 
Brass syringe, exhausting and condensing. 
Air pump, Tate’s. 
Water vacuum pump. 
_ Drying oven, 6 in, square. 
_ Water bath. 
@ryophorus. 
Wet and dry bulb thermometers. 
- Eudiometers (U-shaped). ie 
Liebig’s condenser. . ms 
_ Balance turning with 0° milligram. 
_ Dessicators. 


. Spectroscope. 


Serene: 


a 
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CHEMICALS FOR INDIVIDUAL USE 


If qualitative analysis is not being done in the laboratory, only a very 
few bottles need be provided at each place, say— 


Sulphuric acid Ammonia 
Nitric - Caustic soda (rubber stopper) 
Hydrochloric _ ,, Lime water. 


7 


CHEMICALS FOR GENERAL USE 


Acids—Acetic. 
Hydrochloric, commercial and pure. 
Nitric, fuming, commercial and pure. 
Oxalic, pure. 
Sulphuric, commercial and pure. 
Taftaric. 
Alcohol— Methylated. ' 
Amylic, pure. 
Alum—Ammonia. 
Chrome. 
Tron. 
Potash. 
Aluminium, sheet. 
Ammonia solution. 
Ammonium — Acetate. 
Carbonate. 
Chloride. 
Nitrate. 
Antimony, powder. 
Asbestos. 
Barium Chloride, crystallised. 
Benzene. 
Bismuth Oxide. 
Borax. 
Calcium—Carbonate (chalk), B.P. 
Chloride, fused. t 
Hypochloride, commercial and in cubes. 
Oxide (quicklime), pure. 
Carbon Bisulphide. 
1 The old kind of unadulterated methylated spirit may be obtained from the 


Vauxhall Methylating Company, Liverpool, by arrangement with the Inland Revenue 
Department. 


sinh 
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Castile soap, white. 
Charcoal, picked sticks. 
Chloroform, pure, B.P. 
Chromium Oxide, green. 
Cobalt Oxide. 
Copper—Metal, pure foil, turnings, and wire. 
Carbonate, pure. 
Nitrate. 
Oxide; black, pure. 
Sulphate, pure and commercial. 
Dutch Metal. 
Ether, methylated. 
Fusible Metal. 
Fusion Mixture. 
Glycerine. 
Gold Leaf. 
Gum Arabic. 
Todine. 
Iron— Metal, filings, pure wire, and reduced by hydrogen. 
Ammonium sulphate. 
Oxide, magnetic and sesqui-. 
Sulphate, pure. 
Lead— Metal, foil and granular. 
Carbonate. 
Nitrate. 
Red. 
Oxide (litharge). 
- Peroxide. 
Litmus— Pure granular. 
Books, red and blue 
Logwood. 
Magenta. 
Magnesium— Metal, ribbon, and wire. 
Carbonate, light. 
Nitrate. 
Oxide. 

’ Sulphate, crystallised. 
Manganese, Dioxide (free from carbon). 
“Methyl orange. 

Mercury— Metal. 
Iodide (red). 
Nitrate. 
Oxide (red). 


Phen Ace. 
Phosphorus, yellow and Et 
Plaster of Paris. 
Platinum—Wire and foil. < 
Potassium—Metal. = Ste 
--- Bichromate. Ga 
Carbonate, pure, dry. 
Chlorate. 
sat Chloride, pure. 
ete ee Cyanide. 
AS - Ferricyanide. 
Ferrocyanide. 
Hydrate, sticks, pure. 
Nitrate. 
Nitrite, sticks, pure. 
Permanganate. _ 
Sulphate. | C 
Pyrogallic Acid. 
Silver—Metal, leaf. 
Nitrate. 
a aa 
Bicarbonate. 
Carbonate, anhydrous, light, pure. 
Chloride, pure, and fused. 
Formate, commercial. a 


te 


Hydrate, lump and sticks. ‘ 
* — Nitrate. 
Potassium Tartrate (Rochelle Salt). 
Sulphate. ; 
Thiosulphate. 
Solder. 
Starch. 
Sugar, cane. 


Sulphur, roll and flowers. 

Test-papers, litmus. 

Tin—Metal, granulated, and foil (pure) 
Oxide (white). 

Toluene. 

Turpentine. 

Water, distilled. 

Zine—Metal, granulated, and dust. 
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Zinc—Metal, foil, pure. 
Oxide. 
Sulphate, crystallised, pure. 


Minerals— Azurite. 


Cale-spar. 
Cassiterite. 
Chalk. 
Cinnabar. 
Copper— Native. 
Pyrites. 
Cuprite. 
Flint. 
Galena. 
Gypsum. 
Hematite, red. 
Tron Pyrites 
Marble, white. 
Quartz, crystal. 

5, with gold. 
Rock Salt, clear white. 
Sand, yellow and white. 
Silver glance. 


NOTES ON APPARATUS 


The Laboratory should be arranged so that every one who uses the 
room may know where to find everything he wants and where to put 
it away again. There should be numbered places for everything. 
Numbers on boxes and bottles, and printed lists on the walls, will soon 
. repay the initial trouble of preparing them in the time they save. It 
should also be possible to put apparatus aside. A dozen or more trays 
measuring 27 in. x I§ in., and a gross of empty wooden boxes, 12 in. 
x 8 in. x 4 in., such as those in which sweetmeats are packed, will 
greatly help. These should be labelled with letters or numbers to 
indicate their place, and the nature of the contents should be clearly 
marked on the outside of each. 

Labels should be freely used, and all unlabelled bottles washed out. 
Paper labels on bottles may be protected by a coating of paraffin wax, 
put on when the gum is dry and the bottle hot ; or the label may be 
first sized and then varnished ; or ‘‘ Primus indestructible labels” may be 
obtained ready varnished. For numbering, the ‘‘ auctioneers’ lotting 
labels’ supplied by Wilson and Son, 68 Cloudesley Road, London, are 
-most useful. 

But most bottles should have some label in the substance of the glass. 
These: are made in two forms. Enamel labels are melted on to the 
glass. They last well, but white enamel is not always distinct when white 
crystals are inside the bottle. Sand-blast labels are made by roughening 
the surface of the glass with sand driven ina blast of air. They are 
apt to be indistinct when wet, if not made with a really rough surface. 
They can be made more distinct by rubbing over with blacklead or 
chalk. Sand-blast labels cost only about half as much as enamel Itbels. 
But, whichever sort of label is adopted, every bottle should bear some 
letter or number to show its place as well as its name. be 

Retort-Stands should be firm and substantial. It is worth while to 
pay five shillings or more to get good ones. The sliding collars for the 
rings should be slotted at the sides, so as to be moved easily ; and good 
clamps should be.chosen, with well-made screw threads. 
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Balances should turn with much less than a centigram. The Dutch 
pattern balances, introduced some ten years or more ago, continue to 
give great satisfaction, and since then the quality has improved and the 
price has gone down. Balances with steel knife-edges, if protected from 
the air of the laboratory, when not in use, within a good cupboard or 
under a glass case, will remain serviceable for five or six years. Those 
with agate edges set in steel are more durable, but more expensive. It is 
desirable that they should be kept and used on shelves at the side of the 

"laboratory, or im a separate balance-room, where they need not be 
moved. 

Boxes of Weights.— Many sets recently placed on the market are 
pretentious but inaccurate, the errors of the largest weights being greater 
than the smallest weights. Weights less than a centigram are needless, 
and cause trouble to beginners. More exact weighing can always be 
done by watching the pointer if the weights are accurate. The set we 
like extends from 100 grims to o’or gram, and has a separate space, no 
more no less, for each weight. It was put up by Messrs. Oertling at 
18s. 6d. per box, to answer the test that no single weight nor combination 
of weights should have an error greater than 0005 gram. 

Messrs. J. J. Griffin and Sons now advertise a set (5651), from 100 
grams down to 0'oor, limit of error 3 milligrams, price 8s. 6d., and this 
corresponds to our specification, except in the presence of weights less 
than 1 centigram, whose absence we consider desirable, and in putting 
two weights of the same value into one hole, which makes the boxes less 
easy to keep in order with classes of beginners. 

Glass Bottles, of similar general appearance, but of very different real 
quality, may be obtained at astonishingly different prices. ‘ Hand-made 
bottles have a strength of substance and lustre of surface wanting in 
moulded bottles. Flat-topped stoppers keep dust out of the neck ; 
upright stoppers are more easily removed with the back of the fingers. 
English stoppers are better fitted than Continental ones. 8 oz. bottles 
are a convenient size for solutions in individual use, 20 oz. for solutions 
in general use, 80 oz., or Winchester quarts, for larger store. Dry solids 
are conveniently kept in 6 pint stoneware jars, with 16 oz. and 6 oz. 
bottles for smaller sizes. 

To begin with, 40 stoneware jars, 20 Winchester quarts, 10 dozen 
smali®r bottles for solutions, and 10 dozen: bottles for solids, will not 
be too many to order if the laboratory is to be arranged for some years 


to come. 
Deflagrating Spoons are cleaned by holding the cups in the Bunsen 


flame for a few seconds. : . Ms 
The Grove's Battery.—When the cell is taken to pieces, the nitric 


acid may be kept to use again. The dilute sulphuric acid and zine 
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sulphate from the outer cell must generally be thrown away ; the nitric 
acid may be used again, but only for the same purpose. The porous 
cells should be soaked in fresh water for a day or two, with one or two 
changes, until the water tastes quite sweet. Then allow them to dry. 
The zinc plates should also be soaked in water. Before fitting up the 
Grove cell all ends of wires and clamps must be brightened with a file, 
or with sand-paper, to ensure a good metallic contact. 

The zinc plates may be cleaned by scraping and washing (if greasy 
wash with caustic soda). Dip them into dilute hydrochloric acid, an 
wash again. Rub some mercury over the surface of the plates. Dip 
them again in acid and then pour more mercury over them. Repeat 
this until the zinc will stand in the acid without effervescing. The 
mercury may be used again for the same purpose, but it should be kept 
separate from the general stock. 

To charge the battery, fill the porous cells with fuming nitric acid. 
Fill the outer cells two-thirds full with a mixture of one part of sulphuric 
acid and eight parts of water. 

Ruhmkorff Coil—Bichromate Cell.—For a full account of a Ruhmkorff 
coil, the student must refer to some book on electricity, such as Silvanus 
Thompson’s Electricity and Magnetism. For the present he may 
understand it as a machine for converting a steady continuous currcnt of 
electricity into an intermittent series of violent sparks. The coil may 
be used in connection with the Grove’s battery, but as this takes some 
time to set up it is more convenient to use a bichromate battery which 
can be thrown in or out of action in a moment by raising cr lowering 
the zinc plates. The zinc plates ought to be amalgamated like those of 
the Grove’s battery. The bichromate battery is charged with a mixture 
in the proportion of 


Potassium bichromate Wee eee 
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This mixture is of a clear orange colour when first prepared, but 
gradually changes to dark green and deposits crystals of chrome alum in 
the cell. 

Kipp’s Apprratus (Fig. 67) is the best for supplying a continuous 
current of hydrogen unmixed with air. The bulbs B and C are %. one 
piece. Into these is fitted the funnel A. Removing A and F, zine rods 
can be slipped into B. The glass collar D is pierced with holes allowing 
liquid to drain down into C, but stopping any solid material. The 
dilute sulphuric acid should be cooled before putting it in, as the thick 
glass is apt to crack. But hydrochloric acid will do at least as well, and 
saves this risk. To fill the apparatus, open the tap F. Pour acid into 


eS 


- fiydrogen, hydrochloric acid, and carbonic 
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A until C is full. Air is driven out through F.. Close F. Pour in 
more acid until A is two-thirds full. Acid cannot enter B because B is 
full of air. Open the tap F. Air escapes under the pressure of the 


acid column in A. Acid enters B, and effervescence begins. Close F. 


The effervescence continues, but the hydrogen, being unable to escape, 
accumulates in B. The acid is driven back into C, and up into A. 
The effervescence stops as soon as the acid has drained off the zinc. 
The stopper E is useful when washing out the apparatus. Sulphuretted 


acid gas may be prepared in the same 
apparatus. 

Management of Mercury.—Mercury is 
difficult to manage, on account of ils weight 
and the ease with which it picks up impuri- 
ties. Stoneware mortars are better for 
holding it than glass beakers, which easily 
crack when put down on the bench. 

All work with mercury should be done 
over a tray, or on a table witha groove 
round the edge. 

Dust on the surface may be removed 
by letting the mercury run through a dry 
filter-paper in which a few holes have been 
pricked. Or the mercury may be washed 
in a current of water, and then passed 
through a separating funnel. A little moisture on the surface may be 
removed with blotting-paper. 

Other metals easily dissolve in mercury ; and a very little tin or zinc 
will spoil its fluidity. They are best removed by shaking the mercury in 
a bottle with a little nitric acid or nitrate of mercury, when zinc and tin 
will dissolve in preference to the mercury. 

Bunsen Burners occasionally get blocked by molten substances 
falling into the inner tube. They may be cleaned by washing with 
water, or by picking it out with a pin. After washing, blow through the 
burner, to remove any drop of water which may clog the exit. The 
revolving tube or ring ought to be frequently turned, so as to keep it in 
order otherwise they get jammed, and it is no longer possible to change 


quickly fron yellow to blue fiames. 
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ANSWERS 


EXAMPLES I 


7ie Densities of Gases. (Page 117.) 


1°28 gram. 6. 1011°85 grams. 
I1*3 gram. | 7. 4°56 grain. 
775,19. C.C) 8. 60 grams. 
("245 02. 9. 0°68 gram. 
124°7 grams. | 


EXAMPLES II 


Boyle's Law. (Page 127.) 


735°15 OF 735i0% CC. 7. 43°45 or 4334 Ge, 
1500 c.c. | 8. 4 ins. 
— 742°57 or 742pey C.C. 9. 60 ins. 
288 cu. ins. 10. 250 mm. 
1200 Ibs. per sq. in. | 11. O°o08, 
40 min. 12. 1 000. 


Examp.es III 
Charles's Law, (Page 137.) 


(i) - 272°97%, 954°54 c.c. 
1076°92 c.c. 
1°17 grams. 


380*0082 grams. 


(2) = 27r'*git U. 


Pap > ty 


I 
(1) 22% or 0°00 3665. 


(2) 


| 
| 

or 000370. 
270°13 37 
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EXAMPLES [IV 


Charles’s and Boyle's Law. (Page 138.) 


ae (a) :79°2 c.€. 3 (a) 32267. 
(6) 82°11 c.c. (0) 162°, 
(¢) 109°87 c.c. (c) 46°. 
2. (@) 556°78 c.c. 4. (a) 709°8 mm. 
(4) 560°44 c.c. (4) 599°04 mm. 
® (¢) 476°'19 c.c. (¢) 907°2 mm. 


EXAMPLES V 


The Densities of Gases. (Page 138.) . 


I. 1°44 grams. | 5. 103°9 litres. 
2. 0°5050 litre. 6. 0'0264 gram. 
3. 1646°09 c.c | Pe 4OOS> \.. 

4 0°5865 gram. ! os. ) 38g C. 

> 
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VOL. I AND VOL. II 


ABSOLUTE ZERO, 1 li. 133 

Acids, acetic, i. 158 ; ll. 166 
Fe hydrochloric, i. 155 
+» ‘Mitric, 1. 157 
ys sulphuric, l 153 

Acids, action on litmus, i. 163 
»» action on metals, ii. 65, 76, 8r 
» neutralised by alkalies, i. 166 
5; preparation of common, We £53 


Air, atmospheric, analysis of, il. 18, 4, 


89, 18 

antimony heated in, il. 16 
buoyancy of, ii. 113 
» burnt in coal gas, i. 43 
,», candle burnt in, 11, 20, 49 
ys copper heated in, ii. 23 
density of, i 111 
dissolved in water, i. 130 

44 expansion Of, i 4} Ms 129 

4 existence of i. 64 

Ps iron heated i in, ii. 16 
_ jw» iron rusting in, il. 27 
metals heated i in, ii, 14 
not a simple substance, ii. 21, 24, 39 
phosphorus heated in, it. 18, 22 
45 pressure of, i. 64 5 il. 118 
» rusting of iron in, ii. 27 
Sane oh i of phosphorus in, i. 31 
synthesis e) 39 
+ weight of, i. 66 5 il, 112 
wood heated i in, ik 13 
Air, Alkaline, see Ammonia 
Fire, see Fire-Air 

ixed, om oe Air 

ae ired, 8, 163 

eae 3: ammable, see Inflammable Air 
: Nitrous, ii. 81 
, Spoilt, sce Spoilt Air 
«, Vitriolic Acid, it. 76 
Albumen, egg, ii. 168 Ps 
ey: i, 2, 53 li. 64 
Alcohol, carbon in, ii. 160 

* 4, hydrogen in. ii, 161 


Alkalies, preparation of common, t. 159 
Alkaline taste, i. 14. 159 
Alkaline Air, ii, 1706 
Alum, crystals of, i. 134 
Ammonia Gas, collection of, i. 169 

3 »» composition ‘of, il... 170 

», properties of, 11. 169 

Ammonia solution, preparation of, 1. 160 
Analysis, il. 39, 174 
Antimony, heated in air, il. 16, 55 
Apparatus, fitting up, i. 74 

re lists of, ii. 196 

$4 notes on, ii, 204 
Aqua fortis, 1. 158 
Aqua regia, action on metals, ii. 86 
Aqueous vapour pressure, 1. 97 
Archimedes, Principle of, i. 61 
Area, measurement of rectangular, i, 12 
Argon, ii. 116 
Argyll, Duke of, ii. 126 
Armstrong, Prof., ii. 19, 27 
Assyria, discovery of metals in, ii. 53 
Atmosphere, the, 1. 64 : see also Air 

pressure of one, i. 72 

Azurite, i li. 54, 56 


Bacon, RoGeER, i. 2 
Balance, a simple, i. 24. 

,, the student’s, i. 26 3 ii. 205 
Barometer, to set up a, i. 67 

3 curve, 1. 173 
Becker, ii. 12 
Bending glass, i. 78 
JZerthollet, ii. 39 
Black, Prof., li. t, 4, 140 
Blast furnaces, 11. 59 
Blowpipe, use ‘of, 1. 35 i. 54 
Blue Vitriol, i. 140, 1515 il. 79 
Boiler crust, i. 126 
Boiling-point, of water, i. 90, 99 


yy definition of, i. tor 
. of liquids, i. 76 
xt on a thermometer, i. 43 
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Boring of corks, i. 79, 
Bottles, selection of, il. 205 
Boyle, Robert, i. 69; i. "gsi e3,- 40, TTT, 
I219, 120, 182 
Boyle’s Law, ii. 121 
Brass, use of, ii. 60, 62 
Bread, carbon in, ii. 158 
Bronze, use of, ii. 57, 58, 60 
unsen, Robert, 1. 74 
Bunsen burner, 1. 75 5 ii. 207 
Burettes, i. 33 
»» reading of, i. 34 
Burns, remedy for, ii. 18 


CALAMINE, il. 62 
Calcined mercury, ii. 36, 37, 48 
Calcium chloride, ii. 74, 91, 104, 150 
Calorie, the, i. 106 
Calorimetry, i. 106 
Galera, Al.’ x5 
Candle, burnt in at ii, 20, 49 
Carbohydrates, ii. 162 
Carbon, combustion of, ii. 4 

an in fuels and foods, i X50 
Carbonates, ii. 147 
Carbonic Acid, see also Fixed Air 
in the atmosphere, ii. 8, 164 


9 23 

3 ,» in expired air, ii. 8, 163 
5 ,, the name, ii. 45 

3 » weight of 1 litre, 11, 115 
3" ,, and Boyle’s Law, il, 122 


a ,, and Charles’s Law, li. 131 
Carlyle, ii. 96 
Cassiterite, 1. 57 
Cavendish, ii. 65, 73,76, 81, 84, 90-93, 99 
Caustic Potash, 1. 160 
Caustic Soda, i. T59 5 
Cellulose, ii. 162 
Centimetre, i. 8 
Chalk, action of acids on, ii. I, 140 

» - analysis of, il. 143 

», definite composition of, 11. eer 

»  effect.of heat on, 1. 145 5 1. 141 

», hardness of waters, Lis Ars 

,, is carbonate of lime, ii. 147 

5) occurrence, i. 125 

,» Solution in water, ii, 151 
synthesis of, ii. 145, 148 
volume of gas from, ii. 150 
Change 7 ae 1. 84, 89, 94 
Chaptal, i 
Charcoal, acct of, ii. 44 
formation of, ii. 13, 167 

es properties of, ii. 167 
45 use of, ii. 56, 167 

Charles, ii. 129 
Charles's Law, iil. 132 
Chemical changes, il. 175, 170 
Chemical compounds, ii, 177, 179 
Chemicals, lists of, ii, 200 
Chlorate of potash, ii. 30 
Chlorides, i. 168 ; ii, 70 
Chioroform, boiling-point of, i. ge 
Cinnabar, ii. 61 


il. 155 


9 


9) 


a 


Clarke’s process, ii. 153 
Coal, heating of, ii. 165 
Coal gas, i. 743 i. 165, 
4 air burnt in, ii. 43 
Coke, ii. 166 
Coefficient .6f expansion of gases, ii. 132 
Collection of Gases, over water, ti. 4 
as by downward displacement, ii. 
10, 77 
S by upward displacement, ii. 68 
Combustibles, 11. 43 


Combustion, see Fire e 
em in Fire-air, ii. 40 
ns Lavoisier’s Theory of, ii. 42, 
44, 80, go 
" supporters of, ii. 43 


Compounds, Chemical, ii. 177 
35 Indefinite, li. 180 
Condensation, i. 89 
Conversion of thermometric scales, i. 46 
Copper, action of nitric acid on, ii. 8 
», action of sulphuric acid on, ii. 77 
»» converted into silver, i. 4 
», discovery of, il. 53, 56, 60 
»» Oxide, ii, 23, 103, 180 
5»  Pyrites, ii, 62 
,», sulphate, ii. 79 
Cork, to bore a, 1. 77 
Corresponding angles of crystals, i. 136 
Cryophorus, 1. 103 
Crystallisation, i. 133 
water of, i. 140 
Crystals, i. 136 
Cubic centimetre, 1. 15 
Cuprite, ii. 54 
Curve-plotting, see Graphic Representation 
Cutting glass, i. 78 


Daron, J., i. i” ; Ae. 84, 129, 131, 132 
Davy, Sir ‘% 
Decimetre, .. 
3 aie: il. 16 
Definite Proportions, Law of, ii. 179 
Deliquescence, ii. 70 
Density, relative, 1. 50 
+ definition of, i, 50 3 ii, 111 
Ve use of bottle, i, 51, 58 
Dew-point, the, i. o9 
Diet, ii. 172 
Distillation, i. or, 123 
an destructive, ik Q3 ¢ il. 166 
Downward displacement of gases, ii. 30, 77 


Drawing out glass tubing, i. 79 
EGS-ALBUMEN, il. 1768 


Egypt, origin of chemistry in, i. 1 5 tie 52 
Elasticity of solids, ii. 108 
Electrolysis of water, ii. 96 
EFlectrum, ii. 58 
Elenfent, definition of, ii, 46, 176 
" existence of, incompounds, ii, 181 
Equations, chemical. ii, 143, 154 
Errors of experiment, i, 178 


Ether, evaporation of, i. 101, 102 
»,. Solvent action of, i, 137 
Eudiometer, ii. too 
Evaporation, of water, i. 94 é 
Be of other liquids, i, rox 
Examination Papers, ii. 184  « 
Expansion, of air, i. 41; ii, 129 


55 of gases, li. 129 

ae of iron, i. 4° 

e of water, 1. 41_ 

a coefficient of, ii. 132 


Ex eriment, necessity of, i. 5 
Expired Air, ii, 8, 163 


FILTRATION, i. 120 
Fire, nature of, ii. 25 
+, Study of, H. 12 
Fire-Air, ii. 22 : see also Oxygen 


-A concerned in rusting, ii. 30 

» discovery of, ii. 35 

a necessary for respiration, ii. 23 
5 new name for, ii. 45 

mr preparation of, ii. 40 

+“ properties of, 11. 40 


ye search for, ii. 34 
Fitting up apparatus, i. 74 


_ Fixed Air, ii. 1 : sze also Carbonic Acid Gas 


Sd composition of, il. 44 

a discovery of ii. 1 

“ in the atmosphere, ii. 8. 147, 164 
¥ in expired air, ii. 8, 163 

», name of, ii. 4 _ 

“ new name for, il. 45 

$3 preparation of, ii. 2, 10 

Pe properties of, il. 5 

o test for, il. 9 


iow weight of 1 litre, ii. 115 
Fixed points, on a thermometer, i. 42 
Flame, nature of, ii. 25 

k, volume of a, i. 31 
Floating solids, i. 60 
Flux, use of a, ii. 55 
Food-Stuffs, classification of, ii. 171 
comparison with Fuels, ii. 162 
effect of heat on, ii. 158 
elements of, ii. 168 
nitrogenous, il. 17% : 
Fragmentary solids, relative detiicy of, i. 


” 
” 
3” 


5 
Franklin’s experiment, i. 99 
Freezing-point, on a thermometer, i. 43 
Freezing-mixtures, i. 87 
Fuels, comparison with Foods, ii. 16 
»  figct of heat on, ii. 158 
4, vagpeties of, ii. 164 
Fusion mixture, ii. 56 


Garba, i. 33 it. 58, 63, 64 

Gas, the name, ii. 1 

measurement of volume of, from a 
metal an‘ acid, ii. 70 

Gases, and Boyle's Law, ii. 118 
y» and Charles's Taw. ii. 132 

y characters of, il. tog 


ar) 


">: 


INDEX : 213 


Gases, densities of, ii. tro 
»»  €Xpansion of, ii. 129 
»» Measurement over water, ii. 125 
+, _ preparation of, ii. 87 
Gay Lussac, ii. 100, 102 
Geber, i, 147, 157 
Gladstone, Dr., 1i. 52 
Glass, properties of, i. 75 
», to bend, i. 78 
», to blow a bulb. ii. 61 
», to close one end of, i. 80 
», . tocut, i. 78» 
», to draw out, i. 79 
». tomend edges of, i. 79 
Glauber, i. 155,157. ° f 
Gluten, ii. 168 
Gold, discovery of, ii. 53, 60 
Gram, the, i. 18 
Graphic Representation, i. 170 3 ii. 125 
Greece, discovery of metals in, ii. 60 
Greer. Vitriol, i. 150 
Grove’s Battery, il. 205 
Gypsum, i. 119, 125, 128 


H ©MATITE, red, ii. 59 
Hardness of waters, i. 124 3 ii. 151 
Heat, i. 39 

»» . Specific, 1, 108 

5, unit of, i. 106 
Hempel’s burettes, ii. 151 
Henry, ii. 140 
Heterogeneous substances, ii. 176 
Homer, ii. 60 
Homogeneous substances, ii. 176 
Hooke, Robert, ii. 13, 25 
Hydrochloric Acid, action of, on metals, 

ii. 65 
ey ; preparation of, 1. 155 

Hydrogen, see also Inflammable Air 


sy action on oxide of copper, ii. 103 
5 density of, il. 116 ; 

is in Fuels and Foods, ii. 161 

iy the name, ii. 96 


Ick, effect of heat on, i. 85 
,, latent heat of liquefaction of, i, 112 
Indestructibility of Matter, il. 47, 175 
Inflammable Air, see also Hydrogen 
i combustion of, ii. 88, go 
‘5 discovery of, il. 65 
9 new name for, il, g6 
preparation of, ii. 66, 68 
properties of, ii. 67 
reduction of copper oxide, 
il, 103 
source of, ii. 70 
volume of, from metals and. 
acid, li. 70 
3 weight of, il. 74, 116 
Interpolation, i. 46, 170 | 
lodine, effect of heat on, i. 89 
Iron, burning of, ii, 16, 41 * 
,, decomposition of water by, ti. 93 
,, discovery of ii. 538, 60 


Iron, oxide of, 11. 41. 95 
4) Pyrites, 1. 150; 11. 62, 63 
»y rusting of, il. 27 
Israelites, discovery of metals by, ii. 59 


Ke Lp, i. 146 

Kilogram, i, 19 
Kilometre, i. 8 

Kipp’s apparatus, ii. 207 


LABELS, ii. 204 
Laboratory Fittings, ii. 195, 205 
Lachish, i. 60 
Latent heat, of liquefaction, i. 87, 112 
iz »» Of solution, i. 129 
bs s, Of vaporisation, i. 102, 114 
Lavoisier, i. 7 ; ii. 19, 37, 42, 45, 46, 48, 50, 
Bo, 93. 94, 96, 103, 140, 156, 
163, 175 
5 his 1 heory of Combustion, ii. 42, 
44, 80, go 
Law, Boyle’s, 11. 121, 123 
jy Charles’s, 11. 132 
spe nL Definite Proportions, ii. 179 
», of Indestructibility of Matter, ii. 50, 
fe) 
tive of the word, ii. 126 
Lead, discovery of, ii. 58. 
»», heated in the air, ii. 14 
Leduc, ii. 181 
Length, measurement of, i. 9 
as standard of, i. 7 
Liebig’s condenser, i. 92 
Lime, quick, i. 145 ; i. 14r 
»» precipitation of, il. 155 
Limestone, i. 145 ° 
Lime Water, i. 161 5 ii. 145 
s+. test, i. 9, 147, 158 
Liquefaction, f 84 
55 latent heat of, i. 87, 112 
Liquids. characters of, ii. 10g 
Litharge, ii. 16, 34 
Litmus, 1. 163 
Litre, the, i. 16 


MAGNESIA, il. 145 
Magnesium action of acid on, ii. 70 


st burnt in air, ii, 12, 16 
oi burnt in Fixed Air, ii. 45 
$y barnt in Nitrous Air, ii. 85 


Manganese dioxide, ii. 39 
Marble, action of acids on, ii. 2 
Mariotte, il, rat 

Mass, measurement of, i. 24 
Matter, ii. 47, 50 


$y hag ys of, ii, 47, 175 

Mayow, ii. 2r, 25 

Somverenert, necessity of, i. 
- of area, i. 12 
va of length, 1 
q of mass and weight, i. 24 
"9 of pressure of air, i. 64 
~ of relative densities, i. 49 
” of temperature, i. 20 


PY Yee NO 


pr aN of volume of a liquid, i. 30 

~*~ of pie ao of gas trom metals 

‘ acids, li. 70 
Measuring flasks, i. 31 
jars, 1. 32, 56 

Mcchanical mixtures, ii. 176 
Melting-points of solids, i. 86 
Meniscus, i. 31, 34 
Mercury, calcined, ii. 36, 48. 180 


7 discovery of, ii, 61 
> effect of heat on, i. 89; ti, 37 _ 
es management Of, ii. 207, | 
= name ‘of, ii. 64 | 
Metals, action of acid on, ii, 65, 76, 81 
5 definition of. ii. 64 
; discovery OF, il. 52 


% effect of ovis i. 845 li. "a 
a noble and base, he | 
5 the word, ii. 62 
transmutation of, i. 23 ii. 62 
Metre, the, i. 7 
Metric system, i. 7 
Millimetre, i. 8 
Mineral waters, i. 122 
Morley, Prof., 11. 102 # 
Muriatic Acid, see Hydrochloric Acid 


NAGADA, li. 53 
Natural waters, air in, 1, 130 
= solids i in, 1. 122° _ 
Neutralisation, i. 166 a ; 
Nitrates, preparation of. ii. 82 | 
Nitre, crystallisation of, i. 133 
y» occurrence of, i, 147 
», oxygen from, ii. 35 r 
55 Separation from sand, i. 138 
,» Separation from salt, i, tgo0 
solution ia water, i. 128 
Nitric acid, action of, on metals, ii, 82 
+ 99 preparation of, i. 15 
Nitric Oxide, see Nitrous ‘Air, ni. 86 
+» preparation of, i. 157 
Nitrogen, see Spoilt Air 
Nitrous Air, ii. 81 
64 na Page of, ii, 85 
Non-volatile liquids, i. 93 
Normal Temperature and Pressure, ii. 137 


OCTAHEDRA, i. 135 
Oil of Vitriol, i. 153: see also Sulphurie 
Acid 
Olive oil, effect of heat on, i. 93 
Ores, ii. 53, 62 
Organic substances, ii, 160 
Oxide, definition of, i. 46 
,, of carbon, see Fixed Air 


3, Of sulphur, ii. 76, 80 e 
Oxygen, sce also Fire-Air 
¥5 action with Nitrous Air, ii, 84 
», exploded with Inflammable Air, 
i. 88, o9 
n in organic substances, ii, 162 
- test for, ii. 4 


the name, i. 46 


Acid, ii, 42 


ii. 1 

icant of, ii, 18, 41, 48 
smouldering of, i. 31 

Meu or gl Me 175 

A. 325, 37; 95 

of Paris, i. 119 

tic troughs, il. 4 


i,t 
es i, 160 
slorate of, ii. 39, 179 
Prof., ii. 127 
‘xamiinations, li. 191 
itation, ‘i. 148, 152, 155 
of the Air, i. 64 
to measure, i. 67 
a variations in, i. 70 
e of water vapour, 1. 97, 17 
Lists, i. 185, | 
, Dr. J., Ue 49 35s 36, 415 42) 76, 
81, 83, 84, 88, 90,99, 160, 170 . 
e of Archimedes, 1. 61 


Be sie ” 


i. 1455 li, 141, 143 
slaking 0°, Ul. 144 © 


- RAtn WATER, i. 122, 123 
Ramsay burner, ii. 24, 85 
say, Prof., ii. 16, 123 
‘materials, i. 143 

igh, Lord, il. 116 
d lead, ii, 16, 35 
ction, ii. 59, 105,159 
mault, ii, 114 E 
ative densities, of gases, il. 110 
he i of liquids, 1. 49 
+4 43 of solids, 1. 54 
Relative density bottle, 1. 51, 58 
espiration i. 131 5 ii. 8, 22, 4%) 163 
Retort stands, ii. 204 
ee i er, the, i. 27 

River water, 1. 122 


‘SAL-AMMONIAG, i. 151 = : 
~f ” Volatile Spirit of, i. 160 


* hie ’, 

aig Oe ay 
i ai as Lig pak 
re 2 ray r Fs = 
Wes rection, ; » 
ee Bs 

y v1 ered 

n ii. 57) 60 9 
1. 2 Ae 
heory of Fire, i. 12, 43 . 


ee ni 215 
a iiian. : TS 


Jt, common, 1. 144 eek 
formation of, i. 167 
ie »» separation from nitre, i, 139 
a », __ solubility of, i. 227 
Saltpetre, see Nitre 
Salts, formation of, i. 166 ; li. 69, 79) 147, 


Fa ” 


150 
,, names of, i. 168 5 ii. 69, 79, 47 
Sand-bath, use of, i. 76 
Saturated aqueous vapour, i. 96, 98 
Scales of temperature, i. 43 
conversion of, i.” 46, 
191 
Scheele, il. 19, 25, 35» 4%) 48, 50, 9° 
Sea water, i. 122, 131 
Separations by crystallisation, i. 138 
Silver, discovery of, ii. 58 
4, glance, i. 58 
Slaked lime, ii. 144 
Smouldering of phosphorus, i. ge¢ Ses 
Soap solution, 1. 124 
Soda, caustic, 1. 1593 il. 155 
> crystals, i. 146 5 il. 154 
Soft water, 1. 124 
Solder, ii. 180 
Solidification, i. 84 
Solids, characters of, ii. 107 
in natural waters, 1. 122 
solubilities of, i. 126, 179 


Solubilities of solids in water, 


” ” 


”? 


i, + 126, 


17 

Solubility curves, i. 180 
Solution, i. 119 

; latent heat of, i. 129 
Solutions of known strength, 1. 128 
Solvent action, of water, i, 119 

ie of other liquids, i. 131 
Specific gravity, 1. 50 
Specific heat, 1. 108 
Spirit, of Nitre, i. 157 
of Sal-ammontiac, i. 160 
of Salt, i. 1555 i. 182 
Spoilt Air, ii. 22, 24, 30, 32 
new name for, ii. 46 

Spontaneous generation, 1. 5 
Spring waters, i. 122 
Squared paper, i. 12, 172 
Stahl, ii. 12 
Stalactites, ii. 153 
Standards of measurement, i. 6 
Stuart, C. M., il. gt 
Sublimation, i. 152 
Sugar, hydrogen in, ii. 161 
Sulphates, i. 168 5 ii. 60, 79 
Sulphur, burning of, its £45.41; 79 
effect of heat on, i. 84 
flowers of, i. 148 
oxide of, ii. 76, 80 
plastic, 1. 150 . 
roll, 1. 149 


Sulphuric acid, 1. 153 
; action of, on metals, ii. 68, 


7 


oy 
93 
39 
x” 


’ 


es 
¥ » constituents of, ii. 80 
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Sulphurous Acid, ii. 41 
es . 4, Volatile, ii. 76 

Sunrise and Sunset, times of, 1. 183 
Synthesis, meaning of, ii. 174 

o of chalk, ii. 146 

hy of common air, il. 39 

os o! water, ll. gI © 
Syringe, action of, i. 65 


TAR, ii. 166 
‘lemperature, i. 39 
A scales of, i. 44 
Lest, a, li. 9, 84, 92 " 
Theory of Combustion, Lavoisier s, 11. 42, 
44, 80, go ‘ : 
Thermometers, mercurial, i. 42 
scales of, 1. 433 ii. 133 
. 3 to read, 1. 44 
me oe re wet and dry bulb, 1. 103 
Tin, discovery ot, 11. 56, 60 
,, effect of heat on, 1.84 * 
Torricellian vacuum, 1. 68 
Transformation of matter, il. 174 
Transmutation of metals, i. 2 5 ii. 62, 64 
Tumuli, ii. 52 
Tyndall, Prof., i. 99 


Units, 1. 6 


Vacuum, i. 68 
Van Helmont, ii. 1, 159 
Vaporisation, i. 89 
Syne latent heat of, i. 114 
Variations in pressure of the air, i. 70 
Ventilation, i. 1055 li. 8, 164 
inegar, i. 5,158 
 Witriol, Blue, i. 140, 1575 
», Green, l. 150 
a... Ol of, » 153 

Vitriolic Acid Air, 11. 76 
Volatile Sulphurous Acid, i. 76 

,» composition of, il. 79 
Volume, of flask, i. 31 

,, of gas from metals’ and acid, il. 

7° 

,, of gram of water, i. 182 

5, of pebble, i, 30 

5, of rectangular solids, 47 

,, Standards of, t 15 


il. 79 


WaASH-BOTTLE, to make a, 1. 77 


Von Humbe 


Washing soda, i. 146 
ae +, Composition of, il. 154 
Water, air dissolved in, i. 130 
-, analysis of, ii, 93, 96 * 
»» as asolvent, i. 119 
», barometer, 1. 72 
>, Bath, i. at - 
,», boiling of, i. 89, 99 : 
., composition by volume, il. 99 
5» . composition by weight, li, 103 
,», compression of, ii. 10g 
»» decomposition of, 11. 93, 96 
,, definite composition of, 1. 93, 96 
», discovery of composition of, ii. 88 
», distillation of, 1. 91, 123° 
» electrolysis of, 11. 96 
»» equivalent of a calorimeter, 1. 110 
» evaporation of, i. 95 
» . freezing-point of, 1. 85 
,» hard and soft, i. 24 3 il, 15% 
,, latent heat of vaporisation, i, 114 
., Measurement of gases over, li. 125 
», Natural, i. 122 
., of crystallisation, 1. rg0 
,, solids dissolved in, i. 122 %& 
., solution of carbonic acid in, UW, 7 
», synthesis of, il. 91, 99, 103 i 
tests for, ii. 92 
,, vapour pressure of, 1. 97 
Weather-glass, 1. 71 
Weighing, method of, i. 28 
Weight, standard of, i. 18 
Weights, the, i. 27; ii. 205 
Wet and dry bulb thermonieter, i. 103 
Wire gauze, use of, 1. 76 
Wollaston, i. 103 
Wood, effect of heat on, ii. 13, 166 
Wood spirit, ii. 106 


ZERO, absolute, 1. 133 . 
Zine, action of acids on, ii. 65, 68, 60, 7a, ~ 
73; 76 , a 
,, chloride, ti. 70 = | 
., converted into copper, i 4 
5, discovery of, il. 62 
» sulphate of, fi. 69 
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